DESIGN OF AN INTERACTIVE ACCOUNTING TUTOR

John Macko

{NASA-CR-129674) - DESIGN OF AN -
INTERACTIVE ACCOUNTING TUTOR M.S. Thesis
J. Macko (Massachusetts Inst. of Tech.)

Sep. .1970 215 p CSCL 05I
G3/08

N73-13192

Unclas
49935

Sloan Schoo!l of Management
Massachusetts Institute of Technology
Cambridge, Massachusetts

September 1970




DESIGN
OF
AN INTERACTIVE
ACCOUNTING TUTOR
by
John Macko
S.B. Management, M.I.T. -
(1970)
S.B. Electrical‘Engineering, M.I.T.
(1970)
SUBMITTED IN PARTIAL FULFILIMENT OF THE
REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
at the
'MASSACHUSETTS INSTITUTE OF TECHNOLOGY

September 1970

‘August 24, 1970

Thesis Supervisor

Aozt

Chairman, Departmental Committee on Graduate Students



PAGE 2

- DESIGN OF AN INTERACTIVE ACCOUNTING TUTOR

John Macko

Submitted to the Alfred P. Sloan School of Management on August 24, 1970
in partial fulfillment of the requirements for the degree of Master of

Science.

ABSTRACT

A project to design an interactive program to teach accountlng
techniques is described. The four major goals of the project are
discussed and a review of the literature on teaching machines and
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display. The software design of the system is described in detail.
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INTECLCUCTICN

Education is currently ltesieged with ccrplex fproblems.
It is plagued with increasing demands c¢p an antiquated
system, a shcrtage of well-qualified teackers, and overtaxed
facilities. .Tbe past twc deécades bave witnessed three major
changes in our scciety which bave caused these f[problems.
one of the causes has Leen an eipcrential' growth .in
technology heéiily increasing the amcunt that can e
learned. The rapid increase in our -pcpulaticn and the
belief that everyone is entitled to an education have aléo

been influential factors. Taken together these three

factors are largely responsitkle for magnifying the r[frckles
to the pcint that a crisis is developing in cur educaticnal

systens. The situation has Leen compounded by the fact that .

education has kteen slow to respcpnd tc chatgés in technology
and society. Skinner writes that "scérce]y any area of
human activity has Leen wcre resistant tc scientific
analysis and technoclcgical change than educaticn. Al though
our hones, offiﬁes, factcries, a#d peans cf transgcrtaticn
have been ttansfbtmed within a generation, the typical

classroos and techniques of teaching have hardly chapged in

. o e
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a century."™ <42> Over tle past twc years jPS,”£552£$é£llg

Learning Prciject, ALP, has scught, as cpe gcal, tc discover

ways to improve cur learning systems. Ip jarticvlar, in this
regard, it has estallished fcrk itself the fcllovwing

objectives:

1) To find ways to _make_ the_ learning process

pore_efficient:

Cne of the by-products of techrological frcgress
has been an information explosion. Coupled with this
ipcrease in knowledge has Leen ‘an._inctease in ap
individuél's need for knowledge. lleatning sy#tems have
been caught in the middle. ¢Cn the «c¢ne hand teaching
resocurces, i.e. facilities and imstructcrs' time, are
limited. In additicn, the aﬁount cf time and energy
which a. student can devcte tc study is also
ccnstrained. |

On the other bhand, tkere is ar ever 1increasing
demand fecr pore knculedge. Jechniguves must be
developed to allow an ihstructcr tc relegate the
repetetive, rprcgrammed asfpects cf' his teaching to
ﬁeaching machines or otker devices sc that he will have
more time tc teach the nmore ccunplex, unprogrammakble

topics.
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Furthermore, the tgaditional bglief that  a
student's time is not valuable, or at least not as
valuable as the instructor®s, is no longer valid. With
more  to leath, effective use of the student's time is
npecessaty. In addition, changing‘ technolcgj, and
especially its rapid rate of ckange, have dictated that
an individual must continue tc learn thicughcut his
life. Therefore, the student =may be é gracticing
'doctor, business exqcutivé, cT an engineer.
Consequently, in designing learnirg systems for the
future, the student?s time canrct be discounted.
learning systems must k¢ designed wkich <cptimize nct

only thke inmstructcr's time, but also the student's.

learning process_tc¢ the_student's

gggggggggg_ggg_;ggggg§i§: Present educational
systems tend to treat students as if they are all
ideantical, irrespective of their ind@vidual
backgrounds, atkilities, needs, and irterests. This is
partly due to thé‘fact that tke lJecture technigque of
teaching typically forces the jnstructcr tc gear his:
lecture to thé average stﬁdent (and scietimes to the
below avetagé'student). Generally, the result is that
the bright student is tored becau#e he 1is nct being

challenged, and, at the same time, the bLelcw average
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student is lost. Learning systems veed tc be designed
which are pore perscnalized and mcre resgcnsive to the

ipndividuval student.

3) To_integrate material across_fumncticpal lings:

211 tcc often a subject is taught iz =®cduvlar chunks,
and the various pieces are never tied together. The
result is that the student never gets a gcod cvérview
of the whole subject. He keconmes an expert in several
sub-disciplines, but seldom sees hov one relates to the
other. And what is even worse, he seldor sees hcyw c¢ne

field relates to another field.

4) To provide ay experimental settipg fcx
research _in the_learning process: Huch remains

to te learned atout how a student Jeaxns, and about

ways tc optimize this process.

This paper will discuss some of the recent tesearch
which has teen done ip this area by the ALF project.
Specifically, it will report on CLOSE, cpe ¢f the systems in
ALP. EEEEE is an interactive accounting tutor and is
designed to assist graduate students to -leaxn some of the
basic principles and technigues of acccuntipng.

The next section revieus the literature in the field

and is followed ry @ discussion of GCLOSE.

e .



EAGE 13

CHAPTER_II
REVIEW OF TEACHING MACHINES AND_CAI

A. Early Conceptual_ Hork

§:Lg,Pressey <12,32,33,34> was cne cf the first to
seriously ccnsider the idea cf using a machine tc teach a
subject. In the early 1920's , he designed a machine -about
the size of a typewriter which presented the student with
multiple-choice gquestions. The machine was designed in such
a way that it would not go on to the next qﬁestion until the
_-student had given the correct answer. The teaching progranm
was linear, i.e. all students followed the same path througﬁ
the subject, independent of ability or interests. Pressey
in his work developed two concepté of iearuing which have
played important roles in later teaching machines. He
believed in a law_of recency, i.e. that the answer made most
recently would be the one blest remenbtered. He felt that the
learning process was not hindered by inccrrect answers as
long as the last response was the correct answer. Tied
ciosely to the law cf recency wag the law_cf frequency. !
Pressey held that a student needs tqg ke mctivated thrcughout

the program, and that one of the ways to accomplish this was
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to ensure that the student eventually gct the right answer

to each question befcre he cculd go on tc the next guestion.

Pressey writes "the correct response must almost inevitablj

be the most freguent, since the correct is the cnly response
by which ihe learner can go on to the next questicn; and
since whenever a wrong response is @pade, it @ust be
compensated by a further correct reaction." <325 Although
Pressey worked for many years on his teacking machines, they

did not gain wide acceptance; it was B.F. Skinner who

T e

eventually brought the teaching machine tc the classroon.
Prior to experimenting witbh teaching machires, skinner
<12, 41,42,43> had done extensive research cp animal leatning
behavior. e vbelieved that he <ccudd afpply the same
"stirulus-response® techniques, which had Leen gquite
successful in his animal experiments, tc buman subjécts.
His teaching machines /reflect this agproach. Skinner

developed the concept of presenting material to the student

-

in small seqments which he  called frasmes. 3 teaching
pregram Secane avparticular sequencing of certain frames.
Skinper, like Pressey, telieved in the lirear rrogram, .but
he differed with Pressey on the nature = c¢f the student's
response. Pressey favored the multiple-choice gquesticn.

However, Skinner favored a fill-in-the-blank type response

\

'-J

feeling that the very  act of responding tends tc cause }
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learning; conseguently, if the student ua5<required to pick 4
one of several possitle answeérs, there wcvld be a tendency
for the student to rememker bhis jincorrect answers. Further,
Skinner felt that regall was a much more efficient learning
process than recognition.

For thesé reasons, Skinner's machines required the student
to construct his response, and not merely recognize it as
one of several possible answvers. Another 'technigque which

Skinner developed was the shert ster. Sirce the very act of

responding tends to cause learning, the progranm shculd te
dg§3gggg;m_£o minimize  the number of student' €ILOorS.
Skinmer's machines presented only a sgall amcunt of new
material in each frame in an effort tc egsure that most of
the time the student's first ansuéi tc a cuesticn would Dbe
the cor?ect answer. This appioaah also had the advantage of
motivating the §tudent thréugh his ownd sqccess;
n:§:_3533935 <12,14,15,16>, the mext cn the scene, felt

that Skinner's agproach was. much toc rigid. He lelieved

that the teaching machine should have the ahiiity tc adjust

to each student_and, therefore, _Egveloped the concept - cof

branching within a program. Branching (also known as

—

<«

intrinsic prcgraasming) allcwed a student tc fcllow a path
through the program that was determined by his respomses to

the questions. Unlike Skinner's and Pressey's machines,
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every student did not have to follow the same path.
| Crowder's concept of the teaching machine differed
greatly fronv Skinner's. Skinner believed in the
stimulus-response approach. Crowder, ce the othe:' hand,
held that the teaching machine should present material to
the student and shouid use questions tc determine if the
stﬁdent had mastered the concepts presented. Conseguently,
he feli that the overt or motor response  w«as not
fundamental to the learning process; however, it was useful
as a means of providing feedkack to the progranm.

Branching allowed the student to follow a path through
.the program that was dependent on his responses, The
concept of adaptive or extrinsic pregramsing extended this
approach. Adaptive programming utilizes information that is

external to the program such as "a student's age, IQf

_ backgtouqd in the subject, etc. Because c¢f the complexity

invodved in meaningfully incorppratiang this information into

a teaching program, adaptive programmsing is almost always

used in conjunction with a computer <15,17>, Two early .

examples of adaptive progranming are the SAKI program

devéloped by Gordon Pask of Great Britair and the SOCRATES

<

program developed at the Illinois Trainimg Laboratory <23>.

-
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. Ba_Tuwo E§r1y3§xpgrimegts with CAI

The uork of Pressey, Skjinmer, and Crowder was
essentially the first phase of the research .in teaching
machines. Their development of basic copcepts, such as
sequencing, frames, and grograms, paved the way for later
researchd In the secopd phase of teaching mnacghine
development, researchers became interested in_trying to use
the digital éomputer. Two experiments from this period are
notewvorthy. |

Rath, vAnderson,.vand Brainerd ‘(1958j from the IBM
Research Laboratories attached typewriter ccnscles to an IBM
650 and developed a program for teaching binary arithmetic
<7,35,36,48>. This basic tutor wvwas 1later expanded and

- courses vere aléo.offered in stenotyping, statistics, and
German reading <u8>.
The other experiment of note in this phase wvas

conducted by Coulson__ (1962) of System TLevelopment

cgprporation.' Coulson tied a Bendix G-15 computer to a
spec¥al purpose random access slide projector. He defeloped

the CLASS (Computer-based Laboratory for Automated School"

Systems) program which combined CAI with television, films,
lectures, and textkooks. The system was able tc. handle up

to 20 students at a time <7,8,9,10,19,31,47>.

|

\
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————

C._Computer - Assisted Instruction

Late in the fifties, the computer industry became gquite
interested in the use of computers as téaching pmachipes. As
a result, mucﬂ of the early work im CAI was done by
computer-oriented people. As a rule they had been trained
as engiﬁeers and not as educators or psychologiéts.
Copsequently, much of the early work tends tc have a very
.ptagmatic flavor and to emphasize applicaticns over theory.
<3715 |

The_entpance of the computer industry into _the field '
may be classified as the beginning qf the third phase in thej
deveiopnént of teaching machines; it also marks the/
beginning of a serious interest in CAI.

One of the early men in the field was Licklider (1962).

Expecilemiingvat Bolt, Beranek, and Hev;at with a PDP-1 to
which he had attached two typewrjter teininals and a cathode
ray tube, Licklider sought ways to trap the £tudent's
interest. This concept of motivational trarging hinged on
using the computer to constantly provide Qﬂicx response and

reinforcement to the student. <28>

éBitzeriand Braunfeld developed | PLATO ﬁgrogrammed Logic
v

for Automatic Teaching Qrganization) using a CDC1604. The

project was begun in the early sjxties and was primarily
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concerned uith'hov a student reacts to interaction with a

computer. The system could handle up to twenty conscles
simultaneously. The system used CRT terminals which ocould

display either computer output or slides <3,4,5,6>.

D._Recent Womk in_CAl

-

Most of the research up to this pcint bhad Peen on

selegtive_teaching machines. Selective teaching machines

——

store all questions and answers in merory, and at the

~———— o -
appropriate time output these "canned" responses to the

student. A basic limitation of selaciive teaching machines
is that the humén tutor in preparing a prcgram must try to
anticipate evety possible student rasponse. If he does not,
he runs the risk ihat the tutor uiil give irrelevant
replies to certain studeht responseas. Cne way to solve
this problem is to have the +tutor direct the learning

process. In this way the tutor knows when to eixpect a

student response and basically what form it will take. <473

Another approach has been to write generalized algcrithms,

which when given _a student's response,._generate either
<.

resedial material or a new quesﬁ@pg.u Such programs are

termed generatiye. Math teaching wmachines have quite

; _



PAGE 20

successfully used this approach. Weizenbaum in his

-~

deveiopnent of BLIZA has demonstrated that it is possible

e e e e e

to handle verbal input as Hell as matheratical 1nput using

e s a2y

algorithms <S0>. Feingold, in his ELANIT programn1ng

structure is basically selective <20,21>:
Another tack recent research bas taken has bkeen

investigate the extent tc which a student should te akble
—— .

control the learning process. Simmons <40> has developed

——

systen, has done some work on generative 'CAI, but his /

qJuestion-answering progranms which measure a student's
knowiedge of a subject by semantic and syntactic analjsis of
his respanses (questions and ansvers). Femedial material,
if necéssaty, is generated. Cther _researchers, such as
Spélsky <uy4d>, dd not feel that the guesticn-answer technique
should be left to the computer, but rather visualize‘ a

situation vwhere tﬁe teacher is on~-linpe and can make

decisions that dre difficult to progras.

Grubb <24,25> of the IBM Education Research Department

_de4a’llls

is a firn believer in the theory that a student learns

better 1§~33_3§_gl}owed to chart his cwn ccurse. His

e

|
research indicates that complete studemt control of the
program yields uniformly high post-test scores over the
range of pre~-test scores. Houevet, he has fcund that good

students ‘do equally well under either system.
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' E._The ALP_Ppoject

The ALP project currently has two working CAI systenms,
ALP and CLOSE. ALP is designed to teach graduate students
the basic principles and techniques of accounting. It 1is

implemented on the CTSS timeoghar;gg_§1§tem at MIT and uses

’32_552§_g£325£552_§£§g{Ey (see p. 26 for a descriptioh' of
CTSS and ARDS). The ALP systen offers the student tuo'fo:ms
of iastruction, standard programmed instruction (PI), énd
quggfiquansuer '(QA) . The PI mode presents material in an
essentially Iiﬁear manner with sone fotiard branching in
short steps, and reguires the student tc ansver ‘qhéstions.
(either multiple choice or fill-in-the-blank) which it
. corrects and gives reinforcement to the étudent. The other,
mode, QA, allows the student to ask the systen guestions on
any accounting caqncept of term presented in the program.
ALP parses the guestion, forms an answver tased on material
stored in its library, and prints it out for the student;
vThe-student can operate in either mode and can change back:
and forth at will. (For mor € informaticy on the ALP sjstém
see <1,18,26,37,38>.)

CLOSE is an extension of the ALP system. CLOSE assumes
that the student has completed the ALP program or has gained

a basic knowledge of accounting principles from some other
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_source. While ALP stresses ~accounting principles; tge
emphasis of CLOSE is on accountiamg techniques. CLOSE 1is
designed to assist the student 1in ‘learning how ‘basic
accounting princiiples are applied in practice. Since CLOSE
assumes that the basic principles have Leen learned
elsevhere, it does not teach new principles to the student,
but rather serves to reinforce principles alreadf' known;
CLOSE accomplishes this by allowing the student to apply his

accounting knowledge to practiéal problems; it presents

accounting problems to the studemt to solve and gives him

feedback on the appropriateness of his sclution.

F. _Diimejons_of CAl Systems

In summary, all CAI systems bave several dimensions in

common. These dimensions may be used tc describe and
differentiate various -instructional systens. The major

dimensions of all CAl systems include:

1) Sequencing: In all CAI systems (as well as

pﬁogranngd learning) the student follows some

path through the subgect. In sone systemé _

there may bke ome path (linear) for all

students, while others allow the student to



2)

3)

4)

PAGE 23

branch according to his ability and needs.

‘Awailability of extensive information: The

program may or maf not have iﬁformation about
the student {(IQ, backgroumd, etc.) available
to it. 1In general, it seems to be trué that
if the tutor . has extrimsic information
awailable to it and <can . effectively

incorporate it into the dearning program, it

will ke a more effective tutcr.

Teaching Mode: A tutor may preéent material

in several different ways. Fcr example, the

‘tutor may test or drill the student, conduct

a tutorial session, or develop a socratic

dialogue.

Structure: Most systems‘sfoxe all- quesfioﬁs
and answers in a sort Of.”9953322§52fu' ‘i.e;
odly information uhich has been explicitly
entecedr by the programmer is presented;

other systems bave attemgpted to develop

"algorithas which genmerate a program's
R’—-‘_—/’ - T

paterial tased on the student's frogress.
\—.
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)] Mathod of respomse: There are two sides to
this parameter-- studént response and systen
‘response. The student may construct his
answers _or he may choose fros a list.
Further, he may reply in natural english or
he may be required to adhere to a rigid
format. Furthermore, the system may provide
extensive feedback—-and.diagncstics both for
.the student and for the huran teacher, or it

may provide little or nothing in this area-

(most early systea fall in this category)e.

6) Progpam caontrol: Control cf the program may

—— '

be handled by the system or it may be placed

in the hands of the student. Tradi tionally,
\ o & ———— .

i

the system completely controlled the program.
However, recent research irdicates that there
'may be advantages in allowing the student to

‘control his learning. |
Figure 1 displays the relative 'positions of the
programs discussed vhen viewed along .the dimensions of
seqqenciqg and control and along the dimensions of materi#l
presented andvcontrol. (Chapter VI will discuss why CLOSE

is positioned where it is in Piguré 1.)
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FIGURE
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GHAPTER I1I

|
CLOSE_HABDWARE

CLOSE is currently implemented on CTSS (Compatible
Time-Sharing System) at NIT. CTSS 1is c¢ne of three
time-sharing systems on campus. It is the oldest of the
three, and from a techmical viewpojnt, is quite outddtéd.
However, this system is still the most reliable of the th;ee
and accomodates up to thirty users cn a regular basis.

The system is built around a modified IBM 7094. A core
storage interval timer clock was added tc the basic 7094
harduare in order to allcw time-sbaring. - The timer 1is set
for small bursts of time, presently 200 8ss, and makes it
possible to interrupt a running program tc check data 1lines
for jnput. MNemory protection and relocation registers have
also been added. These dllou certain areas of core and
certain instruct;ons to be declafed off-limits for the user.
Conmunication with the system is accomplished tﬁrough six
data channels. ‘Two channels interface with standard 1I/0
equipment, i.e. printérs, readers, etc. A third interfaces

directly with dewices that require a high-rate transfer of

C
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v

data. The fourth and fifth interface with drum and disc
storage. Drum storage, used for program swapping, consists
of ome IBM 7320 Iouospeed drum and two IBM 7320A  high-speed
drums., Programs are stored on an IBM 1302 disc, uhich has a
capacity of 38 million 36 bit words. ’Thé sixth channel
cbnnqcts with an IBM 7750 transmission contrcl unit and
provides for comnunication-uith the timesharing consoles.
Finally, the system contains two 32K core storage modules.
One module, called "A core", is used exclusively by the
supervisor; the other , "B core" , is used fcr running user
pregranms. |

The supervisor, which resides in "A ccre" at all times,
functions as a general monitor for all cperations. It 1is
responsitle fotuall 10 and scheduling cperations. It also
handles all ogperations involved with SWapping running
programs in and out of ocore in time-sharing the system.
Such operations i#cluda program intezruption, temporary

memory management, and program recovery <i13>.

B, The Graphics_Terminal : - ARBRDS -

CLOSE uses an ARDS (Advanced Remote Display Station) |

graphical display. The ARDS, manufactured by Computer /
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Dispdays,Inc., is a 6 1/2" by 8" direct view storage tube
(DVST) . Fifty lines, with eighty characters per line, .can
be displayed at one time. In addition, tke ARDS can display
points, straight lines (toth solid and.dctted), and éurved
lines by approximating the éurve with shcrt straight line
segnents. | |

One of the basic limitations of the ARDS is that it
does not have selective erasure. Because of the nature of a
DVST, one section of the soreen cannot be erased
independently of the rest; if amy part cf'the screen must
be erased, the whole~screen‘mnst be aerased.

-The ‘ ARDS communicates with CISS c¢ver standard

‘voice—grade telephone lines. The interface is a type 202C

data set. Currently, telephome 1line sgeeds 1limit the
effective writing speed of the ARDS. - The ARDS can draw
characters at the rate of 1.2 ms per character. Hovever,

using the cunrehk 1200 bit per second line, the ARDS slows
down to writing a full screen of 4000 characters in 33
seconds. In as much as the scanning speed of the typical
student is well bélou this speed, CLOSE is not affected by

this particular hardware limitation <43,44>,
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CHAPTER IV

— v T > S A

CLOSE_SCFTWARE
A._QOverview

CLOSE, aé stated earlier, is intended tc facilitate £he
learning of basic accounting technigues. It wutilizes £he
programmed learning methcd of instruction in the belief that
there is a significant section of the student populaticn who
leara natenial quicker and easier in such an environmen}.
The teaching program is basically 1linear, but has been
augmented in several respects sa as to @sake ii more
responsive to the student's interests and ;bilities. In
particular thé program makes extensive use of the focllowing

prevjously discussed technigues:

1) Student Interaction: ‘The advent c¢f time-sharing

systens has madé it economically feasible for teaching
machines to take advantage of ﬁhe speed and data
processing and storage capability cf ‘thé digital
computef <31>. Thus it is possible for the tutor to
ask a gquestion, wait for the student's response}
Ianalyze-it, and give the student comstructive feedback,

in a time frame short e€nough such "that the student
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feels that he is being given individual attenticn. The
combination of personalized instruction as wvell as
immediate feedback makes the learnirg frocess not only

more efficient, but also more enjoyable.

2) Use_of _Graphigs: The trufh of the c¢ld adage about
the value of a picture kecomes quite obvious when used
in the context of the 1learning brocess. ' Pictures,
graghs, and charts convey infbtuaticn ir a form that
the mind can more readily interpret than . the same

information printed in tabular form.

3) _Student Cgntrol: As stated -earlier, research

<24,25> 1indicates that most students will learn more
efficiently and have a Lketter grasg cf the - subject if

they are given some control over the learning process.

The general structure of CLOSE and the ivplementation of the
above techniques in that structure are discussed in the
following paragraphs. F

The CLOSE systen consists of fjve major sections. They
are, in the order in which they appear in the piogram:
introduction, posting,vadjusting entpies, clcsing entries,

and financial reports. Each of these secticps is described

below.
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The introduction welcomes the student to the systen.
It explains the concepts it will help the student to iearn
as well as the conventions it expects the student to follow
when interacting with the systeun. When the student
indicates that he understands ‘this introductory material,
the program draws a flowchart which depicté the
expenditure-asset-expense cycle (see Fig. 9 cn fe 61)a. The
student sees how expenditures are acquisitions of either
assets or services, and how koth are eventually expensed as
“product of period costs. CLOSE them sets up a fictitious
company GEM, Inc., and displays its "bccks" - tc the student.
Currently, the "books" consist of nineteen' T-accounts and
their respective balances at the beginning of some chosen
period. The nineteen a;counts are: Cash, Inventory, Prepaid
Insurance, Accoants Receivable, Accodnts Payable, ©Notes
Paydble. Tax anable, 1dterest Payable, Wages Payable,
Retajned Earnings, Capital, Hages;.‘AQvertising - Expense,
~Interest Bxpenéé, Cost of. Goods Soild, Insurancé Expense,
Rent, Sales, and Profit and Loss.

This set:of accounts does not purport to be an all
" inclusive set of accounts,‘ nor the Dbest ninimal set of
accounts, but rather a set of accouhts which are consistent
and which allow both standard posting entries and adjusting

entrjes to be shown.
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The introdpctory saction conéludes by drawing up an
initial balance sheet and income statenrert fér GEM and
displays theée to the studeét. The student sees the

contrast between the -balance sdeet and the income statément;
he sees that the balance sheet is composed of asset. and
equity accoupts vhich are permanent accounts. By ccntrast,
the income and expense accounts, all of which are temporary
accounts (and were closed out in the previous period), are
showa with zero balances. The Profit and Loss 2account 1is
also a temppca;y acaount and shows the net ipccome or expense
for an accounting period. It ua$ closed cut to the Betained
Barnings Account and alsc has a zero balarce. |

When the students ipdicates that he- un&érstands the
material presenfad and is ready to continuve, CLOSE starts to
teach how to post transactions. This is the first of three
major teaching sections. In subsequent sectibnS of thé
praogram, the adjusting and closing processes are covered.
In each section CLOSE presents new material in the form of a
fev exanples and then asks the student to respond by working
a few similar e;amples himself, with the program checking
his pesponses | and giving approrriate feedback.
Specjfically, in  this initial postirg section,. CLOSE
presents to the égudent an exawmple tramsaction, i.e. the

firm pays $6,000 for the use of an office and warehouse.
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This.transaction'is posted to the 1ledger accounts on the
écneen (the‘Bent Account is debited $6,00C, the Cash Account
is cgedited $6,000). The postings are flagged with arrows
so that the student can easily spot.them {see Pig.‘iT on P
65. A console session with the CLOSE tutor, cémplete with
diagrams, of which this example is one part is described in
great detail starting on p. 39.). Another example is then
displayed and posted. :

At this point the program checks the student's grasp of
what has been presented by giving bhim a transaction and
askimg him to post it. The student tyges his answer on fﬁe
console keyhoaré. The format for his answer is relatively
free as he can enter the debit and oredit entries in either
ordén, and pértial answers, €.g. dr Cash 10, are acceptable;
If the answer is correct, the pragram posts the transaction
to the appropriate Toaccouhts. If the student's answer is
incqrrech,'the progranm indicates.thg part{s) of the anSue:
that is incorrect and asks the student to try again (see
Fig. 11 on p. 65), Cnce the student has succeeded in
answaering the quegtipn correctly, CLCSE gces on to the next
question. The program continues in this fashion, presenting
transactions, asking the student te¢ pcst then, and then
checking his responses, for a number .cf transactions 1in

order to_make suté that the student has grasped the process



PAGE 34

of posting transactions.

The next stage of the program is concecrred with making
the end of period adjustments. An examgle might be to make
the appropriate entries to the Inventory 2ccount and to the
Cost of Goods Sold Account, to reflect the nmonth's sales.
This part of the program uses the same technique described
above to pnesen? the material. Bxamples are given and
entrjes made, and then the student is asked to analyze
several similar examples.

The fourth stage is concerned with <closing all the
income accounts, posting their balances to the Profit and
Loss Account and fhen closing this account to the 'Retained
Earmjngs Account, thereby effectivelf cldsing - the firm's
books for the period. Again the prodedupe is as above; thg
progpam closes éeveral accounts and posts their balances to
the Profit and Loss Account, and them asks the student to
do the éame. | o

Once the books have been closed, the ptogram supparizes
in the final section the effect of all the transactions
which took plaéé during the period by drawing ufp a final
balance sheet and incdnq.statement. The student still has
before him the T~acgounts -- the asset accounts with their
balances brought forward, the income acccunts closed out  to

Profit and Loss. Thus the situation is identical to that



PAGE 35

which eccurﬁed at the beginning of the prcgram. The student
is bsought full circle. He sees the.conditicn cf the firnm,
represented by iss financial statemeats, at the beginning of
the pefiod, the transactions uhich cccurred, and the
condition of the firm at the end of the geriod, i.e. the
beginning of the next period. It is hoped that Dby
presenting the material in this fashicp the student .uill
have a much clearer and ﬁroader view cf the accounting
process and how it affects the firm.

CLOSﬁ.endeauors(to make the eystem respcnsive to the
individdal student's interests and abilities. It does‘ this
by making available to the‘student several simple commands
which allow the sfudent to tailor the prcgram tc his own
‘needs and sherefore, the particular console session. The
coamands are of two types: 1) technical commands and 2).
teaching commands. The technical commands are COMMENT,
STOP, DISPLAY, and QUESTION. These gccsmands allow the
stadent to correct any tqchnical prqblees that may develop,
i.e. accidental loss ef T-account pictete.; The :teaching
comrands, HELP and SKIP, allovw the studert to tailor the
progranm to hié needs and interests.. Research (Grubb,
simmons) iﬁdiéatqs that this approach makes the tutor more

' -
effective. The commands are described below:

<
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1) *: CLOSE 1is _stiil in the develcpmental stage.
Comments on the system and recommendations for changes
from éunrent system users provide the system designeré
with essential infonmation for system improvement. The
asterisk command allows the student to type in a
comgent. It does not change the status of the prograe
-in any Haf. Comments are stored on disc where they may

be examined by the system desiganers at a later time.

2)SEOP: Situations may arise where the student does

not want to complete the program. Either he may feel
that he is already familiar with the subject pmaterial
or time constraints may force him?to quit early. Ihe
STOP conmand allowus thé student tc gquit the program
uhilé ensuring that all system pavamreters are reset.
(For example, CLOSE changes the lééical‘SCteen size on
the displ&y: this hust ke reset uﬁcn completion or

early terminaticn of the program).

3) DISPLAY: During the execution of the rrocgram, the

student may inadvertently strike the erase key. This
causes the screen to be erased and the T-account
picture to;bé-lost. Due to limitaticns in the input
package, the program does not know that an giase has

occurred. = The program coptipues as if - nothing
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happened. In order to ensure that the system "fails
soft" in such a situation, the display compand was
created to allow the student to redraw the T~account

picture at will.

4) QUESEIO : The QUESTION command was created for
similiar reasons and allows the student to have a corpy"
of the current question printed out on the screen at

wvill.

5) BELR: One of the important functionslof the human
tutor is to challenge the student. If the student rums
into problems, the tutor stands ready toc guide him to a
solution.. CLOSE,ttiesl to simulate this interaction
between tutor and student. At the fpresent time the
interaction between CLOSE amnd the student in this ‘area
is quite primitive, but the generalized structure of
CLOSE allows for a substantial increase in
sophistication without requiring'éttuctural‘changes in
the systém._ Currently, CLdSE will recognize certain
types . of errors (e.g. debit and . credit entries
intetchanged, both accbunts incorrect , answver conﬁect
to a poiﬁtAbut not complete) and ocutput a remedial
message to the student, attemptin§ tc¢ guide him to the

cerrect answer. In addition, the student may at any

|
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time type "HELP". When the student types this command,
the system responds 5y giving him a part of the correct
answer -— a part that he has not .yet gotten correct.
The HELP. command may be célled recutsively; The
stqdent may type HELP, get part of the answer, type in
a nev ampswer incorporating the nev infornatioh; if the
answetr is still incorrect, the student may get
additional help by again typing HELF. - By using the
HELP conmand where needed, any studernt should‘ be able
to completely work his uéy through the ;rogram; and

never get stuck on cne froblem.

6) SKIP: Different students have different atilities
“and interests. Some students will know all or most of
the material. Others will not ,but will be intergstéd
only‘in an‘overvieu of the subject. Still others,
unfamiliar-with the subject will _aant to leé:n the
material in as much depth as possibae. And, of course,
there are a wealth of studenfs in between these
extremes. One of the ways CLOSE ?nies to accomodate
the varying needs and atilities of- its students 1is
through the SKIP command. The SKIP command allows the
student to skip to the next question or to the next
séction (i.e. posting, adjusting, ' closing). If the

student elects to skip to the next section, he is given
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the option of seeing the questions he wculd have been
asked, or just skipping to the nexf section. If he
opts to see the questions he is skipping, the progranm
presents them in a fashion ijdentical to the way in
which examples are presented. Both.guestion and answer

are given and the entries are posted.
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1
'

B._Structure

Structurally, CLOSE was designed from the outéei
to be a modular and relatively genenalized progran.
Hodularity was considered necessary not only to insure
prograr efficiency, but also tao make the system easily
understandable ty other p:ogtaimets. As a consequence,
the programming 1is straightforuafd and enploys few
coding "tricks", The structute of the program 1is
genaralized in such a manner thaf a range of accounting
Vprqgtams can be héndled by the same sfructute. CLOSE
currently has one problem set consisting of twenty
examples and questions, but the generalized structure
allows other problem sets to be added to >fhe systen
quite easily.

CLdSE is written in AED (Algol Extended for
Design), an éxtensicn of AERGOL developed at M.I.T..
AED was chosen as the language for the system for the
following  reasons: 1) Xt 1is a very poietful
compiler-level language, allowing the wuser to build
very conplex data and list structu:es gui te éasily; and
2) QLOSE uées graphics and the ASCII character set. At
the presént time the best system sugport fpackages for

graphics and ASCII on the ARDS are also written in AED,
» A ,
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and comaunication with these réutines is easiest frog
within AED. |

CLOSE makes extensive use of the data and 1list
structure capabilities of the XED language. all the
necessary information  for each T~account, e.é.
4x,¥-cootdinates on the screen, current balance, etc.,
are stored as offsets of a pointer. The nineteen
T-accounts fointers are stored in am array (see Fig.
2) . This structure makes it pqssible to easily access
any component of any T-account, i.e. X(A(1)) refers to
the X-coordinate of the Cash Account. | In a similar
manner all the necessary information for each gquestion,
e;g. text of question, answer, accounts affécted, etc.,
are also stored as offsets of pointers and the various
queétion stpuctures are linked together in a 1list
structure. Conseguently, all that is required to go
from one-qugstion to the next is to change the fointer.
A beneficiai consequence of the question -structure is
that it‘is quite easy for »the' instructor fo add;
delete,vor change the order 6f the gquestions.

This .structure for T-accounts and questioﬁs
greatly simplified the complexity of CLOSE's routines
(see Fig. 3,4,5). - CLOSE, the _main routine, is in

control at all times except when a answer is being
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checked; then CHECK, described later, is in .cénitol.
CLOSE is cbmposed of two sections -~ initialization and
gquestion—-ansver. Puring initialization CLOSE makes
subroutine calls which set up the T-account and
question structure for the problem set réquested
(currently only one problem set); it also opens disc
files used by the program to record student answvers,
initializes system parameters, and calls routines which
print the system introduction and record the tinme, daie
and name of the studeht.

The question-answer section is a very'simple loop:
(see. Fig. 4 on P. 44, Bach of the dotted 1line

rectangles represent cne of the folloving steps.)
1) Print questicn.

2) CHECK answer, if the question is to be ansered by

the student, and print feedback; otherwise go to 4.

3) if the answer is correct, go-tb 4; othervise, wvait

for new answer and go to 2.
4) Print answver, post entries.

5) If there are more questions, check remaining space
on screen (erase if necessary) and gc to 1; othervise,

stop (see Pig. 6).
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Figure 3.

MACRO STRUCTURE OF CLOSE

INITIALIZATION

(See page;45)

CLOSE

QUESTION-ANSWER
(See page 46)




o W

PAGE 45
Figure 4.
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Figure 5.
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Figure 6.
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As can be seen, the basic structure is guite simple.
However, some gquite complex issues underlie this simple
structure. There are two major issues which deserve further
discussion: 1) Input/COutput -- how the student interacts
with the system, and 2) the patsing algorithms which check
the student's answefs. Both of these issues are discussed

below.

The_obvioﬁs issues here are: i) how doces a student entér
his'answeis, and 2) how does the system respond.

At ﬁﬁe présent time there are has;éally only twc ~types
of input devices available on the ARLS and both were
consideréd. The first is the mouse or joystick. With this
device the_student can position the beanm cn the screen, and
by pressing buttons cause the location of the beam to be
recoghized b’ the system. This capability seemed a natural
for the CLOSE application.

The program was originally designed in such a way that
uhen the ptog:am requests an answer, the student responds by
positioninq the beam at the letters "dr"™ cn the screen, then

at the account debited, and finally at the amount. This
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procedure would be repeated for the credit account..
Amounts, in the original design, were ente:ed by using the
following technique. Display the integers 0-9 on the screen
as shown below:

dr ¢cr 0 1 2 3 4 5 6 7 8 9

The student could enter a number by succéssively pointing at
the appropriate iniegets, e.g. 125 would be entered by
pointing to 1, theﬁ to 2, and then to 5.

Thisnappfoach had the advantage that it partiaily
overcame the ARDS liﬁitation of non-selective erasure. . By
allouing the student to point to objects c¢cn the screen, the
‘amount of text that had to be displayed on the screen was
minimized, and hence the total number of times that the
screen had to be erased was minimized.

This particular approach was thoroughly tested. The
approach seemed feasible, but because of the way the AED
support packages are. designed, major difficulties were
uncovered. Pirst of all, the procedure followed by the
student for each transaction turned out to be fairly complex
and quite lengthy. Secondly, transactions reguiring  more
than two entriesbuere difficult to fprogran. Consequentlj,
this method of iuéutting an ansver wvas nejeqted.

An alternate approach, the one finally adopted, is 'to

have the student type his answers directly on the keyboard
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console. This has the advantage of being a simple operation
as well as being similar to the actual prcéess of entering
transactions in a journal. However, this apgroach tends to
£ill up fhe screen much more rapidly, hence reguiring more
erasures. Upon implementation, ihis prcblem of f£filling up
the screen was not found to be a major prcblem, at least at
the present tinme. Currently, the jFrogram has tuenty
transactions which, on the average, require five erasures.
The deays involved have not been found to be an
inconvenience. Therefore, the typewriter has been adopted
as the input device.
| Once it was decided how the student would dinput his
answers, the gﬁestion of how the prqétam would bhandle cutput
had to be answered. 1In an earlier program, LEDGER <275, all
ousput vas handled wusing AED graphics system support
routines which actually positioned the beam on the séreen at
~the desired location and then printed the output. This
approach could have been used in CLQSE, but because of the
problems encountered in LEDGER in determininé exactly uhete'
to output a line (when a student can make any number of
errofs), it was decided to develop a fresh approacha.

CPSS has a similar problem in that the system must

always be
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able to dete;mime wvhere to position its next éutput line.
Routines have been qrittén ibich determine the next output
lines CTSS automatically prinbs 6utput on the next
available line; therefore, if CTSS routines are used, there
is no prqblem‘determining where to output the next guestion,
i.e. right after the last response, no matter how many there
are. Hovevet; CTSS always starts printing at the-top of the
écteen and éontinues until it reaches the botton. This
would have caused answers and text to be written over the
T-accounts_appearing at the top of the $c:een. A method had.
to be found to keep CTSS from overwritinpg the accounts. The
CTSS command SETPRM allows the prograpsmer tc alter the
logical screen size.y By altering the screen's paranmeters,
CTSS can be made to believe that the tcp of the lscreen
begins anywhere on the screen. - With the use of SETERHM the
problem was sdlvéd. System support routines were used to
output she TQaééounts .and their entries since it was
necessary to plot these at specific locations on the screen.
For the remaining output, regular CISS ohtppt (coupled with
speéialynoutines to handle ASCII as C1ISS nornéily oﬁtputs

only BCD) was used with the reduced logical screen.

D._Parsing Algorithms
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CLOSE expects the CHECK routine .to perform two
impoptant fnnctions: 1) it fnust determine whether the
student's ansver is correct cr not and pxint out appropriate
feedback; and 2) it mnsf handle any ccinands (QUBSTIQH.
DISBLAY, SKIP, etc.) in the same manmer as CLOSE does at the
top level. .

This last function, with the exception of SEKIP, is
relatively simple. RD, the routine vhich zeads 1input from
the console, is used in both CHECK and CLOSE. RD will
recognize and appropriately handie_QUESTION, DISPLAY, STOP,
and * vherever found. SHKIP and HELP are special cases.
HELP is meaningful only when called from within CHECK, i.e..
a question has been asked and the ansver ‘is being checked.
HELP is.ignpted if encountered within ChOSB.,'SKIﬁ, on the
other hand, is meaningful both in CLOSE and CEHECK. When
encountered ) in: CLOSE, the pfogram‘ can start SKIPing
inmediately.  However, vhen encountered in CHECK, -the/
current question'nust be answered and :a return to CLOSE
initiated after setting a flag which inforas CLOSE that the
student typed SKIP.

| CHECK's other function, to deterwmipe if the amsver is
correct, is more complex. CLOSE, whea it calls CHECK, .
passes as an argument a'pointer to the cergect aqsue!. This

|
pointer is called ACT.PIR (see Fig. 2z2). CLOSE also frees
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a null pointer called RT.PTR. As parts of the answer are
found to be correct, they‘are moved from 2CT.PTR to RT. PTR.
When ACT.PTR is null, the studént has given the correct
ansver.

In checking the parts of an answver, CHECK takes
advantage of the natural structure that exists in 1ledger
entries. All entries are of the form <debit or creditd
<account>» <amount> <debit or credit> <account> <amount> ...
Each entpy is composed of one or more debit ént:ies and one
or more credit entries. Bach debit <c¢r credit entry is
composed of three items: 1) the words debit or credit (or
some abbreviation thereof), 2)7the account name, and 3) the
amount. <CHECK, therefore, checks each grcup of thrée i;ems
agaiqsf the ansvers pointed to in ACT.PTR. If CHECK does
not recognize either debit or credit (cr scme abkreviation)
as the first iter of each three item group, it flags a
format error and informs the student that the format of his
bapsuer is inqortect.

If CHECK can,”it forms an acceptable three item group
from the student%s input, then uses ACT.CK and AMT.CK to see
if the debit orl qredit account name entry is correct.
ACT.CK lcoks through the éccounts specified in ACT.PTIR. 1t
also checks the accounts in BT.PTh as the part of the answver

being checked may have been moved to RT.PIR by a Frevious
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Figure 7.

ACT.PTR AND RT.PTR

AN ANSWER BEAD
WHICH DESCRIBES
ONE ACCOUNT ENTRY,
i.e. DR CASH 10

CT.PTR—> . > ___r__er-—---
NUMBER OF
BEADS IN
ANSWER 1 )

4

ANSWER TO QUESTION

AN ANSWER IS A LIST OF ANSWER BEADS.
THE POINTER TO THE LIST IS ACT.PTR

RT.PTR—

RT.PTR IS A POINTER TO THE LIST OF ANSWER BEADS WHICH THE
STUDENT HAS ENTERED CORRECTLY, AN ANSWER BEAD IS MOVED FROM
ACT.PTR TO RT.PTR WHEN THE STUDENT TYPES AN ANSWER WHICH
MATCHES AN ANSWER BEAD. o '
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partially cofrect answer., It attémpts t¢ match the account
name of the three item group with am acccunt name in either
ACT.PTR or RT.PTHR. An exact match is not required as CHECK
utilizes a misspelling algorithm to «cancel the effect 6f
~ spelling errors. | |

The misspelling algorithm is a modification of the one
designed by Anderson <1). ‘The. algorithe reports a match
between two character strings if: 1) the first tuq and last
characters of the stpings match, or 2) a substring of the
characters match. The length of the substring required for
a match is a variable set by the brqgtamuer. Currently, a
substring of length four must match. |

If ACT.CK finds the account name in either ACT.PTR or
RT.PIR, it chééks to see if the account is bleing correctly
debited or credited. It also checks to see if the amount is
coprect. AMT.CK performs this functioh. If a three item
group is found to be correct, it is moved from ACT.PTR to
RT.PTR and the next group is checked.

If a group is found to bhave an error, i.e. wrong
account, incorrect debit or credit, or +wrcng amount, the
incorrect iteas(s)- of the group is surtcunded by asterisks
and a flag is set indicating the type of errcr fdund‘

When all groups‘have been checked, . i.e. the studenﬁ's

answer has been completely parsed as siganified by the
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discovery of a cafriage return, the error flags are
Aexanined. If any of the flags have been set, the student is
told that his‘answer is incorrect, and his answer, with the
incorrect item(s) surrounded by asterisks, 1is printed out
(see Pig. 11 on 65). If no fiaqs.have been set, the studenf
is inforﬁedvthat bis answer is ©correct. In either case
CHBCK returns to CLOSE. If the answer was incorrect, CLOSE
calls CHBCK to examine the next answver. Otherwise, CLOSE
prints out thé answer, fosts the entries, and goes on to the
next question. :

CHECK cur;ently has six error flags. They appear as a
six digit code and ate stored on disc adqngside each student

response. The code 40 41 42 d3 44 45 is as fcllous:

a0 tdtal nupber of errors
d1 o n " debit ernor#
|
a2 " 0 " credit errors
|
d3 " n " account erroxs
du " n " amoumt errors
~as " w » format errors

By perforaing logical operations, such as ANf and OR,

on the error codes, useful diagnostics car be established.
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Currently, CHBCE recognizes and gives a special error
message ﬁo the student for each of the following errors: 1)
answer completely incorrect, 2) debit and credit entries
revessed, aﬁd 3) answer correct, but not complete. Other
logical combinations can be used to detect other tyées of
errors.

If the student!s answer is coﬁpletely incorrect, - CHECK
informs the student that he may get help with the prcblem by
typing HELE. HELP pulls the first acéohnt off the ACT.PTIR
list and prints it out as part of an appbopriate wessage,
i.e. Cash is one of the accounts, or Cash 1is the other
accoont. As stated earlier, HELP may be called at any time
aftes a question has bleen asked, and it may be called

recuzsively.

E. Ogher.Rcuxigeg

There are several other routines which éiay impoEtant
roles in CLOSE. Examples are AEQL which compares two
éhatacter strings, oi CPY.LB which emp?ies the read buffer
and creates a pointer to a gopy of it. As the techniques
employed are rather well known, these rcoutines are not

discussed here.,‘The interested reader is 7referred to the
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system documentation for a complete description of each

routine.
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CHAPTER_V

A_SE3SION WIIH CLOSE

This section describes in detail' how a . student
interacts with the CLOSE systen. The diagrams show what
appears on the scteen, vhile the text describes the session.
Although not every @isplay appears as a diagram, the
diagoams are representative of the type of displays in the
CLOSE systen.

CLOSE starts the session of by welccdring the stﬁdent,
{(in this session a yoﬁng lady named Kathy), to the' systen.
It then prints out an introducticn <see Fig. 8> which
describes the 'goals cf the system as well as the conventions
the system expects the student to fqllou.

When Kathy has read and understccd the instructions,
she hits the erase key. Her action erases the screen and
informs CLOSE that the student is ready tc continue. CLOSE
then requests and records the student's naae.

Fig. 9 shows the next display. Here the student is
'graphiéaaly shown the expenditure-asset-expense cycle.
Agaiam, when Hathy is ready to continue, she strikes the
erase keye.

The next display <see Fig. 10> presents the student

with the "books" of the company, a short description of the
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Figure 8 T PAGE 1.

CLOSE is a program written in AED designed to take
advantage of the interactive capabilities of a computer, and
to put these capabilities to good use as a uorklng tool for
the teaching of accountlng.

Specifically, CLOSE is desxgned to help you learn the
following three aspects of accounting: 1) the process of
posting transactions to a ledger,

2) making adjustments to the ledger accounts at the end of
a period,
and 3) closing out the ledger accounts. : ‘

CLOSE employs the technique of rpresenting several
example transactions and then asking you to give the answvers
to several similar transactions. The program assumes that
“you will abide by certain convent1ons~ these conventions:
are listed below:

1) When "READY"™ appears on the screen, it means that.
the program is waiting for you. When you are ready to
continue, and have typed a response, if one was
expected, you should hit "new line".

2) Exaample transactions are denoted by the prefix
WEXAMPLE®., You are not expected to answer these, but
you should make sure that you understand each one
before you continue with the program.

3) - Transactions which expect you to respcnd are
prefixed by "QUESTION®". The format of a response |is
similar to that of a journal entry, i.e. an acccunt and
the amount to be debited is specified, followed by the
account and the amount to be credited. ‘Specifically,
you respond to a guestion by typing "dr" followed by
the account to be debited, followed ty the amount (in
thousands of dollars); on the same line you then type
Mcrm followed by the account and the amount to be
credited. Then hit "new line® to continue. .

Wwhen you have read and understood the above directions,
hit "erase®.
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EXPENDITURE-ASSET-EXPENSE CYCLE

EXPENDITURE RECEIPTS

1

LEDGER
ACCOUNTS

POSTING

mOQ=Z2Pryrw
=HEmEmn
HROOQZH

HZEIEBAP30N

Accounting is concerned with recording changes in the firm's
assets and. liabilities. To-a large extent, these changes
are day-to-day-expenditures and receipts of cash.
READY (LF) : :
As they occur, these day-to-day changes are recorded in
the firms "books" which are called its ledger accounts.
READY (LF) _ o
If the change is concerned with the operation -of the
business during the current period, the change is called an
cxpense (or income) and at the end of the period, s
recorded in the financial record of the current period ==
the income statement.
READY (LF)
lowever, some expenditures are made to acquire assets
which will have value remaining at the end of the current
period (An example is a building). These expenditures are
usually posted to the balance sheet to record the continuing

value of the assets to the firm. This 1is the posting
process. .. '

READY (LF)
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Figure 9 continued

EXPENDITURE-ASSET-EXPENSE CYCLE

_ EXPENDITURE RECEIPTS

LEDGER
ACCOUNTS
POSTING \

- S
T
A 3 — § A
L o ADJUSTING o A
A g 0 E
2 T M M
NET PROFIT E E|
E | N
‘ T

At the end of a2 period, some of the balance sheet . assets
will have contributed some of their wvalue (l.e.,
depreciation of a building) to the current period's business
effort and this value reduction must be recorded to '"this
period's" expenses. In like manner, liabilities of the firm
carried on the balance sheet may become income of the firm
during the period (e.g. prepaid rent). In addition, in some
non-manufacturing firms, the inventory which has been sold
will be subtracted from the balance sheet at this time.

This is the prcess of adjustment. . .
READY (LF) -

The difference between the income - and expenses for a
period represents the net change in value of the firm during
the period. To determine this net change for the period,
all income and expense accounts are closed to a temporary
account called the profit and loss account. The balance of
the profit and loss account represents the net change, or

net profit, for the period. As the net profit is an
increase (or decrease) in the value of the firm, it is
posted to the balance sheet. This is known as the closing
process.

READY (LF)



PAGE 63
Figure 10

BALANCE SHEET ACCOUNTS ' TEMPORARY
' ACCOUNT

CASH INVENTORY PPD INS ACCT REC ACCT PAY NOTES PAY | PROFIT

IDSS:

180 156 1 100 60

TAX PAY INT PAY WAGES PAY RET EARN CAPITAL
{ 20 0 20 100

——————— P T e I —— —— - —-——--—1__—_—_‘-

INCOME STATEMENT ACCOUNTS

COST OF
SALES GOODS SOLD  WAGES ADV _EXP INT EXP INS EXP RENT

I I A D e e e

These accounts are the "books" of GEM, Inc. GEM is engaged in the
manufacture and sale of Adzes, an esoteric plant mede from a hemp
plant and widely held to be the cure for all of man's ills.

You have been hired as an accountant and are responsible for keeping
GEM'S books.

BALANCE SHEET INCOME STATEMENT
ASSETS
cash 180 sales 0
inventory 156 cost of goods sold O _
ppd ins 1 GROSS PROFIT ‘ 0
acct rec 3 o '
TOTAL ASSETS 340 OPERATING EXPENSES
wages 0
EQUITIES . adv exp 0
LIABILITIES g int exp 0
acct pay 100 ins exp 0
notes pay 60 rent 0
tax pay 20 TOTAL OPERATING EXPENSES O
int pay (O )
vages pay 4o © NET PROFIT . . 0
TOTAL LIABILITIES 220 ‘
ret earn 100
capital 20
TOTAL EQUITIES 120

340
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company, and an initial talénce sheet and income staiement.‘

Upon a signal frdmrthe student that she is ready to
continue, CLOSE erases the screen and dEeaws the display
shown in Fige 11.. At this time the T-acccumnts and Example
1, ttahsaction (1) in the diagram, are con the screen. The
lover part of the screen is blank. Since (1) is an exaafle,
CLOSE imhediately prints out the answer <see (2)>. The
ansver is also posted to the accounts on the screen. Note
the "6<-" credit entry in the CASH account and the "->6"
debit entry in the RENT account. The arrows help the
student to spot the posting. CLOSE then prints "“READI" and
waits for ‘the student. Kathy, after 'examining the»
ttansaction,- strikes new 1line ({LF) to tell CLOSE to
vcontinﬁe.

Example 2 is then presented <see (3)>, the ansver is
printed on the screen, and the entries are posted. A  new
line from the étudenh causes the program to continue.

CLOSE then asks a gquestion =-- hovw should the
advertising fee te posted <se€e (W4)>.  Kathy types "dr adv
exp 10 cr acct pay 10 (LF)" ihich is inccrrect. CLOSE
responds with "Your response of dr adv exp 10 cr **acctv
pay** 10 is incorrect, try‘agaiﬁ." Kathy sees her nistake
and types in "cr cash 10 (LF)" to caorrect the answer, CLOSE

responds "Your answer is correct, Kathy." It also prints
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Figure 11
CASH  INVENTORY PPD INS ACCT REC ACCT PAY NOTES PAY PRCFIT LOSS
180 64 156 1 3 —»21{100 60
—25] 106
| 20—
TAX PAY INT PAY WAGES PAY RET EARN CAPITAL
20 40 1 20 100
CcOST OF
- SALES _GOODS SOLD WAGES ADV_EXP INT EXP INS BEXF RENT
25 : -10 -;6|
(1) EXAMPLE 1 : You pay $6,000 for the use of an office and a
warehouse. What ledger entries should be made 7
(2) ANSWER : dr rent 6 cr cash 6  (LF)
READY (LF)
(3) EXAMPLE 2 : GEM, Inc., just sold ¢25 000" worth of its Adzes

(4) QUESTION 1 : GEM engages CON,

ANSWER :

What should be posted ?
dr cash 25 cr sales 25 (LF)
READY (LF)

for cash.

Inc. to handle its advertising.
You pay their feee of $10,000. Enter the transaction.

READY dr adv exp 10 cr acct pay 10 (LF) o

Your response of dr adv exp 10 cr *¥*acct pay** 10 is incorrect,
try again.

READY cr cash 10 (LF)

Your answer is correct, Kathy.

ANSHER : dr adv exp 10 cr cash 10
READY  (LF)

(5) QUESTION : You pay a bill of $2,000 for equipment beought on

account in the previous period.

READY dr cash 2,000 cr acct pay2,000 (LF).

Your resvwonse of **dr** cash 2000 ¥*¥¢r¥* acct pay 2000 has the
debit and credit entries interchanged, Kathy, try: again.

READY dr acét pay 2 cr cash 2 (LF)

Your answer is correct, Kathy.

ANSWER : dr acct pay 2 cr caﬂh
READY  (LF)
READY (7O ERASE, NIT NEW iINE) (LF)
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out a copy of the correct amswer, pasts the answer to the
T-accounts involved, and waits for the studenﬁ;

Kathy types new line and CLOSE prirts out the next
question <see (5)>. Here, Kathy respcnds by typing "dr cash
2,000 cr acct pay 2,000 (LF)".‘ Note the use of commas in
the amount as well as the fact that the asocunt is typed in
full. 1In this case Kathy has heﬁ debit ard credit entries
reversed. <CLOSE responds "Your response cf #**dr*#* cash 2000
#xcr#** acct pay 2000 has the debit and credit entries
interchanged, Kathy, try again.®" Kathy reverses her entries
and types in the correct answer. CLOSE again acknowldgeé
that her answer is correct, and prints and posts the answer.
When Kathy sttikes new line (LF) this time, CLOSE responds
"READY (TO EBASE, HIT NBQ'LINE)". This informs Kathy that
wvhen she strikes new line, the screea yiﬂl be_erased.b Kathy
looks over the entries that have beén made, and strikes new
line. |

The screén-rs.enased and the T-acccunts are redrawn
<see Fig. 125.. Note that the arrows pointing to earlier
entrjes have disappeared.

CLOSE now asks d question about posting a tank loan.
Kathy responds carrectly, but mispells NOTES PAY. She types
in "nots pay" instead of ‘“notes pay" <see (6)>.. CLOSE

checks the spelling, decides that she means "notes pay", and
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Figure 12
CASH  INVAKTORY PPD INS ACCT REC ACCT PAY NOTES PAY PROFIT LOSS
180 6 156 1 3 21100 60 ’
251 10 50 ¢—
—50 2 . '
20 6= .
40 & TAX PAY _INT PAY MWAGES PAY RET EARN  CAPITAL
-20 {20 =401} 40 20 100
COST OF . .
SALES GOODS SOLD WAGES ADV EXFP INT EXP  INS EXF RENT
25 ‘ 10 l l 6

(6) QUESTION 3 : GEK borrows $50,000 from the bank.
READY or nots pay 50 dr cash 50 (LF)
Your answer is correct, Kathy.
ANSWER : dr cash 50 cr notes pay 50
READY (LF)

(7) QUESTICN 4: GEM pays $20,000 for taxes that were due in the
previous period. ‘
READY dr tax pay 20 cr cash 20 (LF)
Your answer is correct, Kathy.
ANSLER : dr tax pay 20 cr cash 20
READY (LF)

(8) QUESTION 5 : GEM pays $40,000 in wages that were due at the end
of the last period. '
READY skip (LF)
ANSWER : dr wages pay 40 cr cash 40
A) Print questions and answer so I know what I am skipping.
(B) Skip to the next section.
(C) Skip to the next question.

Type desired option : ¢ (LF)

READY (TO ERASE, HIT NEW LINE) . (LF)
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responds:

"Your answer is correct, Kathy."

mANSHER: dr cash 50 cr notes pay 50%

Kathy answers the next question correctly, and when
CLOSE presents QUESTION S5, she decides that she wants to
"skip" it. Shé types‘“skip" and CLCSE responds bj giving
the answer to QUBSTION 5 and also a list cf skipping options
<see (8)>. Kathy decides to skip only this gquestion and.
types in a "c". However, the screem is full, and CLOSB‘
vaits for a new line before erasing it.

After ‘ the T-accounts are redrawr, CLOSE ptesents
QUESTION 6 <see ({9)> in Pig. 13. Kathy decides to answer a
part of it at a time as she is #not sure <f the complete
ansver. She starpts with the Cash gntry; CLOSE guides the
way by responding that her answer is ccrrect =0 far, but
that there are more entries. She continues in this fashion
until she has the answer comrletely correct.

ﬁhen Kathf types new line, CLOSE starts the adjusting
entries section <see (10)).' Kathy types in a coament that
the progranm syould have more posting gquestions, and CLOSE
thanks her for her comment and records it op disc.

Ka thy tnen~deciées to experiment with the ‘"skip 1In

coemand. The optional argument "1" causes a skip to the

3
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Figure 13
CASE  INVINTORY PPD INS ACCT REC ACCT PAY NOTES PAY PROFIT LOSS
18| €6 156 1|1+ 3 -2 | 100 60
251 10 ~150 50
50| 2
241 20 ,
40  TAX PAY  INT FAY WAGES FAY RET RARN  CAFITAL
401} 40 20 100
COoST OF .
SALES GOODS SOLD WAGES ADV EXP  INT EXP INS EXF " RENT
25 10 =1 6
1744 -

(o) QUESTION 6 : GEM sells $174,000 worth of its Adges. The buyer
pays 824,000 cash and will pay the balance in 30 days.
READY dr cash 24 (LF)
Your answer, dr cash 24, is correct so far, type in the other
_entries. '
READY dr acct rec 150 (LF)
Your answer, dr acct rec 150, is correct so far, type in the
other entry.
READY cr sales 174 (LF)
Your answer is correct, Kathy.
ANSWER : dr cash 24 dr acct rec 150 cr sales 174.
READY  (LF) :

- (10) Some events which affect the T-accounts do not generate
journal entries. _Adjusting entries must be made at the end
of the month to account for these events.

?EA?Y *I think the program should have more posting entries
LF ' .

Thank you for your comment.

READY skip 1 (LF)

(11) EXAMPLE 1 : At the start of the year a $12,000 insurance
premium wag paid record this month's expense.
ANSWER : dr ins exp 1 cr ppd ins 1
READY  (LF) -

RiADY [0 ERASE, HIT NEM LINE) (LF)
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next example or guestion. CLOSE skips tc BXAAPLE 1 <see
(11)>. The screen is again full, and is erased when Kathy
strikes new line. |

CLOSE then presents the first guesticn in the adjusting
‘entries section dsee (12)> in FPig. t4. Kathy misunderstands
the question and gets the answer completely wrong. Kathj'
decides to seek help and types "help". CLOSE responds by
printing out one of the accounts inveclved. With this
proapting, Kathy types in an entry, but she still doesnt't
know the rest of the answer. CLOSE responds "Your answer,
dr cost of goods sold 100, is correct so far, type in the
other entry." Kathy goes back to "help"™ and learns that the
other account is inventory. With this Lit of assistance,
she gets the answer correct.

CLOSE then types andthe: question <see (13)>, kut Kathy
decides to skip to the closing 'entries section, and types
'Wship“ followed by a choice of option "b". Ncte that Kathy
skipped only one question in this case; it involved INT PAY
and INT EXP as can be seen from the entries posted to those
accounts.

Kathy proceeds in this fashion wuntil she finélly
finiéhes the clo;ing‘entries section. At this point, CLOSE
erases the scréeﬁ, redraws and closes out the accounts, and

presents a final balance sheet and inccre Statemént <see
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Figure 14
Arﬁ_ INVENTORY FPPD INS ACCT REC ACCT PAY NOTES PAY PROFIT I10SS mss
180 6 " 156]100¢ 11 3 2| 100 60 .
25 150 50
50 2 :
2| 20 |
LO TAX PAY INT PAY WAGES PAY RET EARN  CAPITAL
20]20 1+ Lo [ Lo 20 100
406
COST OF :
SALES GOODS. SOLD  WAGES ADV EXP  INT EXP  INS EXP RENT
25 100 —> 70 10 =1 1
e | _

(12) QUESTION 1 : The firm sold $199,000 worth of Adzes during the month.
The stock sold cost $100,000.
READY dr cash 199 cr sales 199 (IF)
Kathy, your answer, dr *¥cash¥*¥* 199 cr *¥sgles*¥* 199, has both
entries incorrect.
If you need assistance, type "help"
READY help (IF)
One of the accounts is cost of goods sold, type in the entry.
READY dr cost of goods sold 100 (IF)
Your answer, dr cost of goods sold 100, is correct so far; type in
the other entry.
READY help (LF)
The other account is inventory, type in the entry.
READY cr inventory 100 (IF)
Good, Kathy, that's correct.
ANSWER : dr cost of goods sold 100 cr inventory 100
‘READY (IF)

(13) QUESTION 2 : The firm owes $40,000 to employees for wages earned
during the month.
READY skip (LF)
(A) Print questions and answers so I know what I am sklpping.
(B) Skip to the next section.
(C) skip to the next question.

Type desired option : b (LF)

After all the édjusting entries have been maede, a firm can close its
books first, ell income accounts are closed to the profit loss account
READY (IF)
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Figure 15

CASH INVENTORY PPD INS ACCT REC ACCT FAY NOTEHS PAY PRCFIT LOSS
180 6 156 {100 a1 31153 21100 110{ 60 401 199

25| 10 56 0] 150 a8 50 10

50 2 56 153 o8 110 1

241 20 100
‘ 40 TAX PAY INT FAY WAGES PAY RET EARN CAPITAL 1
— 1201 20120 11 401 40 611 20 100100 6
201 ol T 401 40 41~ |T00 41

COST CF -

SALES GOODS SOLD, WAGES ADV _IiXP INT EXFP IS EXP RENT
119] 25~ 100100 40[a0 " 0] T a1 "1 of6
. 174 — (|7 e -1 I B =1~

BALANCE SHEET INCOME STATEMENT
ASSETS sales 199
cash 201 cost of goods sold 100
inventory 56
ppd ins 0 _GROSS PROFIT 99
: acct rec 153
TOTAL ASSETS 410 OPERATING EXPENSES
wages 40
EQUITIES adv exp 10
LIABILITIES int exp 1
- acct pay 98 ins exp 1
notes pay 110 rent , 6
tax pay 0 TOTAL, OPERATING EXPENSES 58
int pay 1 4
wages pay 40 NET PROFIT . 41
TOTAL LIABILITIES 249 :
canital 100
ret earn 61
. TOTAL EQUITIES 161
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Pig. 15>.
When Kathy understands how thesé repcrts were prepared,
she types new line and CLOSE responds "Thank you -for using

CLQSE. Good-bye ...." and returns contrcl to CTSS.
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CHAPTER_VI

— AP e . S -, w——

SUMMARY AND RECOMMERDATICEKS

As stated iﬁ Chapter I, the ALP Project set for 1itself
the folloving goals: 1) to find ways tc. pake the léarning
process more efficient, 2) to tailor the learning process to
the student's background and interests, 3) to ipntegrate
material across functional 1lines, and 4) to provide an
éxpenimental‘seﬁting for research in fhe leafning Frocess.
CLOSE éoqcentrates on the first and second of these goals.

In particular, CLOSE is designed as a tutor for the
student who -has already creen exposed tc a "textbook"
introduction to basic  accounting. This "™textbook"
introduction may be the traditiomal classroom lecture, a
lprogvammed instruction text, or ancther CAI sy#tem designed
to assist a stddqnt in learning'basic‘ aécounting conceptse.
CLOSE attempts to provide the student with reinforcement and
dr#lk in basic accounting techniqueé. often initially
_providing
the student uith.a second view of conceptual material.
CLOSE functions as a highly interactive, highlyx diagnostic
tutor which uses graphics as well as text to present drill

and conceptual material to the student. In addition, CLOSE
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allows the student a largé degree of contrcl over the
program, thereby allowing the student to use the program as
a self-test of his knowledge of accounting; he may answer or
skip questions as he sees fit. He alsoc has available td hin
diagpostics and additional help for any rmaterial -ﬁhich he
finds difficult. |

In essence, CLOSE attempts to @rovide the same concept
reinforcement that the classroom provides in a "second view
of the material"® . and a homework-drill sequence in
traditional educational systems. However, the use of CLOSE
frees valuable class time for the teacher, enabling him to
present néw concéptual material, or to discuss more fully
material already presented. In addition, CLOSE'is ccncerned
with helping the student to learn material more efficiently.

In particular CLOSE:

1) allows the student to advanée at his. own
rate. The bright student is not held back,
nor is the below avepage student forced to

learn at a rate above his ability.

2) pernits the student to tailor the time he
spends learning according to his needs; he
may concentrate on thé section(s) where he

needs additional tutoring and skip the rest.
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3) presents the subject wmaterial in. a highly
efficient, : highly
concentrated,individually-criented tutorial
session. There is a substantial amount of
wasted time in a classroon ;hen any
particular student is not learning. CLOSE
attempts to keep each student 1learning

throughout the session.

4) remowves the boring arithmetic manipulations
and T-account-drawing-and-ruling normally
required of the student. 1lhese can be much

more efficiently handled by the computer.

5) gives the student contrcl c¢f his tutorial; he
'may answer or skip gquesticns. Diagnostics

and help are also available.

6) allows the student toc learn at a time and

place convenient for him.
7) ptovides the student with his ocwn tutor.

While it is difficult to describe in a few words all
that CLOSE does, an accurate summary is that CLCSE providés

student-centered reinfcrcement of Yechnigues. _ a

time-sharing system for immediate response, and graphics
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help to ‘

CLOSE has not yet been used by a <class of graduate
students. However, it has been used, as a teaching progranm,
by a group of eight students in the Sloan Fellows program at
M.I.T. These students used the progras and filled out
questionaires. Their responses, while far from being
statistically significant, give an indication of the type of
response CLOSE will meet when used in the classroon. The
ﬁajonity of the Slcan Fellows group found the fprogram
"yseful"® (mean 2.4, variance 1.0 on a 1-10 scale Qith 1
being very useful). They tended to prefer this method of
instruction to the standard progranmed insttuction textbook.
(mean 2.0, variénce 1. 2). When asked if they had "learned
anything fronm the‘program", the group, as a vhole, felt that.
they had (mean 2.6, variance 2.3). They found the response
CLOSB gave when their ansver vas incorrect, "useful®™ (mean
2.2, variance 1.4). However, they wepe divided on the
usefulness of the "help" command (mean 2.8, variance 6.2)
and the nskip" command (nean 2.3, variance 9.4),. Several
students stated ghat they had not used either the "help"” 6:
the Nskip" COumand, and, comsequently, gave them 1low
ratings. They were also divided on who .conttolled the
program, they or CLOSE (mean 4.4, variance 7.7). On the

average, the group found the response time ™about rightw
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(mean 5.1, variance 2.4 where 1 is too fast and 10 too
slow).. GLOSE is currently an operational accouﬁting tutor,
but there are many ways CLOSE can be imprcved and expanded.

In particular, it would be useful to exgand the "§kip"
and ®help" commands. "Skip" could be modified to éllow the
student to jump backward as well as forward in the frogran.
This would allow him to review the material covered. "helpg"
could be changed to give conceptual "help"™ in answering a
question. For example, "help" would explain or repﬁrase the
question and not just print out part Qf the ansver.

- Another improvement would be to expand thé scope of the
program to include financial statement analysis.. Concepts
presented could include profitability tests (e.g. gross
profit percentage, rgturn on sales, etc.), 1liquidity tests
(e.gs current ratio, receivables to sa;es, etc.), solvency
tests (e.g. equity ratio, times jinterest earned, etc.), and
general overali . measures (€.g. retptn cn 1investment,
earnings per share, etc.). If such a se;tion vas added, the
student would conpleté the program wit an even hrbader view
of the accounting'ptocess.

Another modification would be to add a decision rule to
CLOSE. If the.stﬁdent gets the first five ledger entries
wvrong, he needs practicey give him more than usuval. On fhe

other hand, if he gets the first five right, perhaps it
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vould be best to let him go on to the adjusting entries.
The implementation of such a rule does rot appear to be
extremely aifficult. The @main probler seems to ‘be the
determination of an effective decision rule, i.e, should the
program key - on total number, consecutéve number, or
percentage right or wrong in deciding uhat t§ dc next?

In ~ an éffort to free the instructor from the
programming probilems of CLOSE, it wodld be n%efﬂl to develop
a pregraa which, when called, nmakes chabgés in CLOSE,
compiles and loads it ahtomatically. Changeg.could be: add
a qguestion, deiebe a question, change a.questioﬁ, change the
order of questions, or change initial balaances in accounts.
If such a prograi vere developéd, it would nake the teacher
independent of CLOSE'sS inner workings; he could call a

progran uhidh.uould guide him in making changes.
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SYSTEM DOCUMENTATICN

A v e e S S e s

CLOSE is stored on disc in CLOSE SAVED in

M5835

224, PFrom within ¥535 224 the syster may be started by

typing "R CLOSE 1 followed by new 1line (LF).
another file directory (on CTSS) type "LINK CLOSE
h5835 224 (LF)"; then type "R CLOSE 1 (LF)".

CLOSE will create (or append toc already exi
files) the two system mcnitor files CLOSES STATUS

TOTORS STATUS.

CLOSE Files:

The following files are used in conjunction

the CLOSE systenm:

CLOSE SAVED Core image of CLOSE
CLOSES STATUS System monitor
TUTORS STATUS System monitor

MASTER ALGOL Source code

From

SAVED

sting

and

with

CLOSE LOAL Load file for CLOSE routines
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ARDS LOAD Load file for ARDS routines
AIMSLB LOAD Load file for AIMSLB routines
MYLIB SQ2ZBSS Simulated load file

~Loading CLOSE:

Starting from a source deck, CLCSE is converted to

a running program in the following manner:

1)

2)

3)

Compile all routines in MASTER ALGOL. This is

accomplished by typing "TAED PRCGRAM.EANE * (LF)"

' for each PROGRAM.NAME in MASTER ALGOL. Successful

compilation creates a PROGRAM.NAME BSS file.

Compress all BSS files. BDype "SQZBSS PROGRAM.NAME

(LF)" for each PROGRAM.NAME.

Create a LODSIM file. Type ”%no P LODSIM MYLIB
CLOSE.tGETk CLOSE (GET) AIMSLB {GET) ARDS (LF)".
Successful execution of this command Creates a
file, MYLIB BSS, which contains the entry ©points
for each systen-procédure,used in CLOSE. Conmpress
MYLIB BSS by typing "SQ2BSS MNYLIB (LF)". This

creates MYLIB SQZBSS.

0
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4) Load.CLOSE by typing "LAED VLOAD CLOSE (GET) CLOSE

(SQZ) AIMSL1 MYLIB (LF)"

Bead Structure

The bead structure comncept plays an importént rolé
in.the CLOSE system. The guestion kead and the accéunt
bead are.the most important beads in tﬁg program. They
are described in detail in this sec&ion. In the
description of these beads they are shown in unpacked
form, i.e. each component occupies a fuil qor@ ‘éf'
storage, to facilitate an understandipg ofi the
structure. In actuality, all components of Dbeads
occupy fractional parts of a full word. This so-called
packed form is alsoc shown. All the cther»heaﬂs used in
the program are relatively simple ‘and aré shown only in

the packed fornm.
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The components are defined as follous:

TXT

NEXT

PTR

HARD

ANS

CHK

Is a pointer to the text of the cuprent

‘question.

Is a pointer to the next question.

Is a pointer to the first answer

Ansvwer Bead Structure).

Is an integer which, if ncn-zero,

 that the question is difficult.
. and error messages take this

-agcount.

bead (see

indicates
Diagnostics

fact into

Is a pointé: to the text of the answer.

Is an integer indicating how the answer is to

be checked. ‘Possiblq vélues are:

0 no check made

1 check aansver
2 form answer, dc not check (as in a

closing entry when the T[prograem

calculates the answer)

A
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form answer and check

Is an integer giving the current question

number.

1)

Structure

o

NEXT

ACCT

The numbering scheme is as follouws:

the first digit, 1, 2, or 3, is the
current phase of the program (1
stands for ledger entry, 2
adjusting entry, and 3 closing

entry).

the remainiag four digits are the
relative questicnsexample numbers
within that phase, i.e. Q20030 is
the third guesticn/example in the

adjusting entry stage.

1s the tyre of operation being performed,

i.e. debit or credit.

Is a pointer to the next answer bead.

- Is the account to be debitéd or credited.
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ANT Is the amount to be debited or credited.

The concept of a bead is Dbasic to the
understanding of the program. TXT,NEXT,PTR,

HARD,ANS,CHK,Q, 0P, ACCT, and AMT ate'all cogponents of a
bead. To refer to any part of a bead, the component
and the pointer must be given; the concept is similar

to that of relative addressing.

TXT(BENT). refers to the text of the gquestion pointed to

by BNT;

Q(ENT) refers to the question number of the guestion

pointed to by ENT.
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The components of A are defined as follows:

X,Y

PTR

VALB

LD

PD

c,LC,PC

Are the X,Y coordinates of the account

specified by A(I).

Is a pointer to its image in the display file

~ (necessary when the light pen 1is used, not

implemented in version SSM3).

Is a .C. pointer to the spelling of the

account name.
Is a pointer to the fjrst debit entry.

is the Y distance to be steppedb off Dbefore

'»printing the current debit enfry;

Is a pointer to the storage allocated for the
next debit éhtry. This could be determined
from D and NEXT, but the use of PD is much

mnore efficient.

Are, respectively, the same as D,LD, and PD,

except that they are used for credit entries.
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BAL - 1Is the current balance of the account,
initially zero as FREZ not only frees, but

alsc zeros stcrage.

VAL Is the amcunt to be posted.
NEXT Is the pointer to the pext two free words in

storage.



Array A

Array Compaonent

.A(I)
A(2)
A(3)

| A(4)
A(S)
A(6)

M
A(8)
A{9)

a0y
A1)
A(12)
A{13),
A(1a)
A (15)
A(16)
A7)
A{18)
A (19)

PAGE 91

CASH

" INVEHNTORY

. FFD INS

ACCT REC
ACCT PAY

BCTES PaY

PROFIT LOSS

TAX PAY

INT PAY

WAGES PaAY

RET EARN

CAPITAL

WAGES

ADV EXP

INT EXP

COST OF GOOD SOLD
INS EXP |
RENT

SALES
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Figure 18

PACKED BEAD STRUCTURE .

ACCOUNT BEAD

A U W N O

X
Y
PTR VALB
D LD
PD C
LC PC
BAL
s-1-23 18 21 35
QUESTION BEAD
TXT NEXT 0
ANS 0
PTR CHK| HARD 2
POST BEAD
VAL NEXT 0
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Figure 19

PACKED BEAD STRUCTURE

ANSWER BEAD

9)3

NEXT

ACCT

_AMT

RT.PTR BEAD AND ACT.PTR BEAD

WHOLE 0
ERROR BEAD
WHOLE NUM 0
AMT.ER| FMT.ER

D.ER|C.ER | ACT.ER
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Docupmentation:

The following section describes each routine used
in CLOSE. The location, calling sequehce, function,
called procedures, and flow charts are given for each

procedure.
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Procedure: AC.DMP
Location: AC.DMP ALGOL

Calling Sequence:  AC.LMP (ACT.PTR,ENT)

where
ACT.PTIR Is a pointer to a list of answer beads which

form the answer to the current guestion.

ENT Is a pointer to the current question.

AC.DHP makes a copy of the list of answer beads
for the current question. ACT.PTR is the pointer to
the new lisb, and tﬁe length of the 1list is récorded és
a component of ACT.PTR. The 1list pointed to by ACT.PTH

will be used to check the student's answer.

Callgd Procedures:

. Nage Lecation
FREZ AIMSLB ALGOL
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Figure 20

Flow Chart for AC.DMP

FREE STORAGE
FOR ACT.PTR

FREE STORAGE
FOR ANSWER
BEAD

|

COPY ANSWER
BEAD POINTED
TO BY QUESTION
BEAD INTO
ACT.PTR ANSWER
BEAD

MORE ANSWER

yes BEADS REMAINING
IN QUESTION BEAD?

no

RETURN
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ACT.CK

ACT. CK ALGOL

calling_Seguence:
ACT.CK(H.ACT.PTB}RT.PTR,ERBOR,TYPE,ITBH,BNT,DR.CB)

ACT. PTR

RT.PTR

ERROR

where

IS an integer specifying whether the student
Adebited_or credited (0 for debit, 1 for

credit) the account currently being checked.

The value of M is deternined by a call on

D. C. CKa

Is a pointer to a list of answer beads which
have not yet Leen given as an answer to the

current question.

 Is a pointer to a list of answer beads which

"the student has ansvered correctly.

‘Is a pointer to the errer bead. ~ If any

eprors are discovered, the types and number

of errors are recorded in ERROR.
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TYPE Is an integer indicating the TYPE of the
ITEM, i.e. integer, alphabetic, etc. (see

procedure RD), read in froer the conscle.

ITEM IS a pointer to the ITEM read in from the
console.

ENT is a pointer to the current gquestion.

DR.CR - Is a pointer to "dr" or "cr" established by
D. C. CK.

ion

ACT.CK is the main routine called by CHECK to
determine if the student;s answer is correct. ACT. CK
looks through the accounts specified in ACT.PTB. It
also checks the acccunts specified in RT.PTR as the
part of the answer being cheékéd may have been moved to
RT. PTR by A previous partialiy correct answer. It
attempts to match the accouﬂt name with an account nanme
in either ACT.PTR or RT.PTR. An exact match is not
required as ACT.CK uses a wmispelling algorithm  to

cancel the effect of most common spelling errors.
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If ACT.CK finds thé account name in either ACT.PTR
or RT.PTR,fit checks to see if the account 1is being
correctly debited or credited. It also calls ANT.CK to
check the amount. If the three item group, i,g. dr or
cr, account, and amount, is found to be'correct, it is
moved from ACT.PTR to RT.PTR.

If a group is found to have an error, i.e. wrong
account, incorrect debit or credit, wrong amrount, the
incorrect item(s) of the group 1is surrounded by
asterisks and flags are set indicating the types and

number of errors found.

Called Ppocedures:

Name Lccation
AEQL AEQL ALGOL
AMT. CK AMT.CK ALGOL
ASC.C. AINSLB ALGOL
ASCINT " "
ASCQUT . " n
ASCS AY n "
CFRET n "
CPY.LN . CPY.LN ALGOL
CVTOIN - AIMSLB ALGOL
MIBPEL MISPEL ALGOL
NEWLIN AIMSLB ALGOL
RD SETBUF "ALGOL

WEPNT WFMT ALGOL
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Figure 21

Flow Chart for ACT.CK

HAS A
FMT.ER

yes '
RETURN

- RD (TYPE, ITEM, ENT)]

| |
<ITEM ALPHABETIC? >——FLAG FORMAT
; ERROR,

LYeS NUM (ERROR)

RD (TYPE, ITEM, ENT) '
_ RETURN

<iiTEM, CARRIAGE RETURN

no yes
yes N 7 Y
‘___(ITEM ALPHABETIC?) FLAG FORMAT
. o ERROR,
no END OF NUM (ERROR)
ACCOUNT

NAME

RETURN

(See page 101)
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Figure 21 continued

FROM PAGE 100

<::ITEM INTEGER ? 1o FLAG FORMAT
ERROR
NUM(ERROR)

. ANY ACCOUNTS
LEFT IN ACT.PTR
(See page 104)
: RETURN

CHECK ACCOUNTg\‘ MATCH
AGAINST ACT.PTR /

NO MATCH
MORE ACCOUNT
Yes’__<<;IN ACT.PTR ?:>> (See page 102)
CHECK NEXT
ACCOUNT
no

MATCH / CHECK ACCOUNT
"\AGAINST RE.PTR

NO MATCH
) ) v o
(See page 193) MORE ACCOUNTS \ yes
IN RT.PTR 2 /

no

(See page 104)
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Figure 21 continued

FROM PAGE 101

CHECK OP

AGAINST _
DR.CR OP .ERROR=1
= FLAG D.ER
OR C.ER,
PUT DR.CR AND NUM (ERROR)
IN BUFFER T
PUT **DR.CR**
y IN BUFFER
PUT ACCOUNT | T
IN BUFFER
' FALSE PUT
AMT.CK > % AMOUNT* *
TRUE IN BUFFER

PUT AMOUNT
IN BUFFER

™ ves _ _' FLAG AMT.ER,

RETURN OP-ERROR-i:>. ‘| NUM(ERROR) .
'Abxmo' ’

MOVE ANSWER .
BEAD FROM RETURN

ACT.PTR TO
RT.PTR

RETURN :
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Figure 21 continued

FROM PAGE 101

<:j CHECK 0P \_ # PUT **DR.CR**
A

GAINST DR.?E//’ IN BUFFER

.‘\V

PUT DR.CR FLAG D.ER OR
IN BUFFER C.ER,AND NUM(ERROR)

y

PUT -ACCOUNT :
IN BUFFER

|

]
FALSE PUT **AMOUNT**
1T :
AMT.CK > . 4 IN BUFFER
 TRUE |
PUT AMOUNT ' FLAG'AMT.ER,
IN BUFFER ' NUM(ERROR)

RETURN
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Figure 21 continued

FROM PAGE 100 - FROM PAGE 109

ACCOUNT IS INCORRECT

FLAG ACT.ER, STUDENT TYPED
NUM(ERROR) TOO MANY
ENTRIES, PUT
DR.CR IN
PUT DR.CR- BUTFER
IN BUFFER

N

PUT **ACCOUNT** IN

PUT **ACCOUNT** IN

BUFFER BUFFER
PUT AMOUNT IN PUT gggggg.IN
BUFFER -

RETURN RETURN



Procegdure:

Locagion:

PAGE 105

ADJ.1

ADJ. 1 ALGOL

Calling Sequence:  ADJ.1(A,GPTR)

QPTR

Function:

vhere

Is an array whose elements are pointers to

the various T-accounts.

Is an array whose elements are pointers to

‘the various questions.

This procedure sets up the gquestion and answver

beads for the adjusting entries section of problen 1.

1

Nanme ccation

FREZ AIMSLB ALGOL
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Figure 22

Flow Chart for ADJ.1l

BEGIN

SET UP QUESTION
AND ANSWER BEADS
STRUCTURE FOR
ADJUSTING ENTRIES
SECTION OF PROBLEM 1.




PAGE 107

Procedure: AEQL

AEQL ALGOL

AEQL (STRNG1,STRNG2)

Calling_Segquence:

(o

where

STRNG1, STRNG2 are pointers to the strings to be

compared.

AECL compares two strings according to the wusual

alphabetic conventions; no distincticn is pmade between

upper andilayet case. If the stfings a:é"equal, the

value of AEQL is TRUE; otherwise, it is FALSE.
Called_ Proceduresg:

Nane Llogation

ACQONP AIMSLB ALGOL
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Figure 23

Flow Chart for AEQL

BEGIN

yes no

)

AEQL

TRUE

l

AEQL

FALSE

RETURN
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Procgdure: ANT. CK

tions AMT.CK ALGOL'

Calling_Sequence: AMT.CK (ENT,ITEN)

where
ENT -Is a pointer to the current answer bead.
|
ITEM Is a pointer to the current item, i.e. the

itenm most recently retrieved from the

student®s input buffer.

Function:

The procedure AMT.CK checks the amouné typed in by
the student against the correct amount for this part of
the entrf; If they agree, AMT.CK returns TRUE;
otheruiée,vit returns FALSE.

AMT. CK disiegards thousands (000s), i.e. 10,
10,000, and 50000 are all acceptable and’are considered
identical. All answers in CLOSE are in thqusands of

dollars. Consequently, the student may type in only

the significant digits, or he may type the amcunt in



PAGE 110

full.

Name Legatiop

CVTOIN AINSLB ALGOL
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Figure 24

Flow Chart for AMT.CK

‘ BEGIN ’

CONVERT ITEM
TO INTEGER

yes

no /\ITEM = AMT(Equ

AMT.CK

FALSE

7/

"AMT.CK

TRUE

ﬁ)( RETURN ‘,(




ocation:
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CHECK

CHECK ALGOL

calling Seguences  CHECK (ENT,A,NAME1, ACT.PTR,RT.PTR)

ENT

NAME1

ACT. PTR

RT. PTR

where

1s a pointer to the current guestion.

Is an array whose elements are pointers to

the various T-accounts.

Is a pointer to the student's first name.

Is a pointer to a list of answer beads which
have not yet keen given as an answer .to the

current guestion.

Is a pointer to a list of answer beads which

the student has ansueted’correctly;
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This procedure checks'the answer typed in ét the
console by the student, If the answer is correct,
CHECK returns a value of 0; otherwise, it returns a
value of 1. It accomplishes this by searching: for a
match between the accounts the student types in and the
accounts of thé ansier beads. If CHECK can match
accounts, it then checks for a match with OF and ANT
(see answver bead on P XXX). CHECR calls procedqres
D.C.CK, ACT.CK, and ANT.CK to dé the actual checking of
each individual item,

In addition, CHECK provides for the dynamic.
determination of clcsing entiy ansier bead s. CHECK
forms each ansver Lkead so that every income and éxpense
account can be properly closed. It also forms the

correct answer to be output to the student.

Called Procedures:

Nape Leccation
ACT.CK ACT.CK ALGOL
AEQL AEQL ALGOL
ASC.C. - AINSLB ALGOL
ASCINT » "
ASCOUZT , " n
ASCS AV " n
ASCTAB - " : "
ASCWR?F " "

CFRET " n
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D. C. CK
FRET
FREZ
HELP
NEWL IN
RD

L.C.CK ALGOL

AINSLB ALGOL

" "
HELP ALGOL
AIMSLB ALGOL
SETBUF ALGOL
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Figure 25

Flow Chart for CHECK

BEGIN

FREE STORAGE
FOR ERROR
BEAD -

no W

{CHK (ENT) =0 >

(See page 116)
yes

€3 CHK(ENT)=1 )

M, ENT)|

{RD (TYPE, ITE

Xes< ITEM IS A
CARRIAGE RETURN

no

' { AEQL (ITEM, SKIP .TEXT) )—L

*no

e

AEQL (ITEM, HELP . TEXT))

CHECK=0

" RETURN

(See page "116)

ﬁECK=2 |

HELP (ACT.PTR,ENT)

l no

(See page 117)

ACT.CK(D.C.CK(ENT
RT.PTR,ERROR,TYPE, ITEM,ENT,DR.CR)

yes

, TYPE,ITEM DR.CR,ERROR) ,ACT.PTR

e
< MORE INPUT >

no

LCOPY ANSWER|

IN

STORE ANSWER

CLOSES STATUS

()

(See page 117)
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Figure 25 continued

FROM PAGE 115

CHK(ENT) =2
OR
CHK (ENT) =3

END

yes

DETERMINE AND
FILL IN OP
AMD AMT
IN EACH
ANSWER
BEAD

FORM ANSWER

R
<fCHK(ENT)=2:>———59——l»'

l vos CHK (ENT) =1 |

CHK (ENT) =0

' (See page 115)



FROM PAGE 115

PAGE 117
Figure 25 continued

USE

AND

ERROR

- CODE TO
ANALYZE ANSWER

PRINT

' OUT APPROPRIATE
MESSAGE

A

IF ANSWER
INCORRECT, CHECK=1;
OTHERWISE CHECK=0

<:is ANSWER CORRECT

no

O

: '(See page 115)

yes

RT.PTR,

ANS

RETURN STORAGE
FOR ACT.PTR,

AND COPY OF

ERROR

ER

RETURN

2

RETURN STORAGE
FOR ERROR CODE

AND COPY OF
ANSWER

RETURN
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Procedure: ~  CHOOSE

Location: ' - CHOOSE ALGOL

— e . o Al A te

————

ggllggg Segquence: CHOOSE (K)

where

K Is a pointer tc a list of available options.

CHOOSE allows the student to be given a chcice on
the flow of the program; the student is presented with
the available options, pointed to bylx, and after he
types in the letter corresponding to his choice, CHOGSE
teturns.the nunber of the option typed, i.e. the third
option, or the first option, etc. ‘The prog;ah can then

proceed in the desired manner.

Called_Procedures:

Name Lccation
ASC. C. AIMSLB ALGOL
ASCAUT " n

ASCOUT " "



PAGE 119

NEWLIN w om
RD SETBUF ALGOL
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Figure 26

Flow Chart for CHOOSE

‘ BEGIN >

PRINT OUT
LETTERS (A,B,C, ETC)
AND POSSIBLE

. OPTIONS

Y

RD (TYPE,P,ENT, 1)

|

IS CHOICE A
VALID CHOICE

yes

y

CHOOSE EQUALS
NUMBER OF
OPTION

no

PRINT
ERROR
MESSAGE

|




QPTR

This

beads for
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CLO.1

CLO. 1 ALGOL

CLO. 1 (A, CPTR)

where
. Is an array whose elements are pointers to
the various T-accounts.
Is an array whose elements are pointers to
the various gquestions.
procedure sets up the question and answver

the closing entries section of problem 1. -

Called Procedures:

Iz
I3

Lccatio

e . e

&)
=
g
[~

AINSLB ALGOL
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Figure 27

Flow Chart for CLO.1

BEGIN

SET UP QUESTION
AND ANSWER BEADS
FOR CLOSING ENTRIES
SECTION OF PROBLEM 1.
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dure: , CLOSE

Proce
Locations CLOSE ALGOL.
SQ;LL99_§ggggaég: ——m—e——oe—-
Fupction:z
Ihis is the main program. It supervises the flovw
of control between all procedures. Because of the,

modular use of procedures and the use of bead
structures, the main program is quite simple.

There‘are.two main tasks which it hés io handle:
1) initialization, and 2) | progranm control
(question—ahsuet).

Pifst; CLOSE initializes the account beads and the
question beads. Next, CLOSE calls a sequence of
procedures which print a heading, an: introduction,
finish initializaticn, set screen parameters, draw the
T-accounts on tgg screeﬂ, and p;int igitial financial
reports on £hg screen. Now, CLCSE is ready for
questions. CLOSE prints out a question (or exa;ple or
text) , theny calls CHECK to ‘evaluate the student's

response, if any. Depending on CHECK®'s evaluation,
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CLOSE either asks the student to try again as his

answer is incorrect, or it Gposts the transaction

through a call to MLTPST, prints out the answer, and

goes on to the next questidn. CLOSE prccedes in this
fashion until it runs out of questicns, indicated by
NEXT (ENT)=0. Then it prints out the final reports and

stops.

Nanpe Lccation

AC. DMP AC.DMP ALGOL
ASC.C. AIMSLB ALGOL
ASCOUT "o n
ASCWRF " "
CHECK CEECK ALGOL
DORMNT CTSS
FILE - FILE ALGOL
FREZ AIMSLB ALGOL
" FWD FW¥D ALGCL
LINCNT LINCNT ALGOL
' MLTPST MLTPST ALGOL
v NEWLIN ~ AIMSLB ALGOL
: : OPWORD D.C.CK ALGOL
PROB1 PROB1 ALGOL
RD 'SETBUF ALGOL
REPORT REPORT ALGOL
RTMARG AIMSLB ALGOL
SETPRN ARDS "
SGNON "
SKIP SKIP ALGOL
STOP STOP ALGOL
TITLE TITLE ALGCL

WORDS CHECK ALGOL



DORMNT
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Figure 28

Flow Chart for (MAIN)

SET UP POINTERS IN

‘A TO ALL ACCOUNTS.

"FREE STORAGE FOR
ACCOUNT BEADS.

4

‘_é_l___<<§ROBLEM NUMBER = €>

1

PROBL (A,QPTR, 1)

TITLE ()

B

"FWD ()

SETBUF
i)

WORDS ()

OPWORD ()

/,L
SET SCREEN
PARAMETERS

i)

FILE (NAME1,ENT)

(See page 12¢)
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Figure 28 continued

FROM PAGE 125

ERASER ()

| FLOCHT ()

ERASER()

| DISPLAY ()

PROB1 (A,QPTR, 2)

REPORT(A,1)

- ,

(See page 127) | OUTPUT TEXT
OF QUESTION

L

CHECK(ENT,A,NAMEI,ACTfPTR,RT.PTR)

WRONG=CHECK

WRONG=0

i >
ANSWER ;:ﬁz:HE=i

INCORRECT no
ANSWER CORRECT

[MuTPST (ENT) |

[ouTPUT ANSWER

(See page 127)
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Figure 28 continued

FROM PAGE 126

no

lRD(TYPE,ITEM,ENT) WRONG=2

yes

<SKIP (ENT) =1 »—12- @

N no : '
(XEQL(ITEM,ShIP-TEXT)>———f——J ses (See page

yes

yes

no

5

~

SKIP(ENT)=1>*

N

126)

——< NEXT (ENT) =0 >

.(See page 126)

no, more
questions

ENT=NEXT (ENT)

(See page 126)

yes, no
more questions

Y

RD (TYPE, ITEM, ENT)

!

REPORT (A, 2)

L

STOP (ITEM)

END



|
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Procedure: CPY.LN
" Location: ‘CPY.LN ALGOL

Calling Seguence: CPY. LN {ITEM)

where
ITBM = Is a .C. pointer to the input 1line returned

by CPY.LN.

!

]

CPY.LN copies the input line frcm the console and

returns a .C. pointer to the copy of the input line.

Called Procedures:

Name Lccation
ASC.C. AIMNSLB ALGOL
ASCINT " "
ASCSAY " "
CVTOIN " "

RD SETBUF ALGOL
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‘ Figure 29

Flow Chart for CPY.LN

BEGIN

COPY OUTPUT
' BUFFER

READ ITEMS
A FROM INPUT
¢ LINE UNTIL
CARRIAGE RETURN
IS READ

CREATE A.C.
POINTER TO
COPY OF INPUT
LINE

4

RESTORE OUTPUT |
BUFFER

END
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L. C.CK

D.C.CK ALGOL

~Calling _Segquepnce: D.C.CK(ENT,TYPE,ITEM,DR.CR,ERROR)

ERT

TYPE

ITEN

DR.CR

ERROR

where

Is a‘pointer to the current question.

Is an integer indicating the type of
IPEM, i.e. integer, alphabetic, etc.

prtocedure RD), read in from the console.

Is a pointer to the item read in-‘from

console.

the

{sée

the

Is a pointer to the item if a debit or credit

was found. ‘

'Is a pointer to the error Lead. If

errors are recorded in ERROR.

any

errors are discovered, the type and numbet 6f'



Calle
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D.C.CK is used to check if the ITEM retrieved by
RD is either "DR™ or "CR". WDEBIT", "D, and most
common rispellings of "DEBIT" are also recognized as
WDR", similarly, - "CREDIT", "C", and most common
mispellings 6f WCREDIT" are recognized asl"cﬁ". If _a'
9 DR" or ﬁCR" is found, D.C.CK stores the ITEM in DR.CR
and returns a value of 0 if the ITEM is "DR", and 1 if
the ITBM is "CR™. .

If ITEM is.neithér "DR" or "CR", D.C.CK flags a
format_é::on (FMT.EBR), prints out ag error nessage to
the student, stores his answer in the output buffer and

returnse.

- —— G

Nage - Legation
' ABQL ) AEQL ALGOL
' ASC.C. " AIMSLB ALGOL
ASCINT " "
ASCSAY " "
ccory " n
CFRET n , "
CPY.LHN CPY.LN ALGCL
CVTOIN - AINSLB ALGOL
MISPEL "MISPEL ALGOCL
NEWLIN - AIMSLB ALGOL
STOP STOP ALGCL
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WFNT WFMNT ALGOL



no
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Figure 30

'Flow Chart for D.C.CK

BEGIN

yes

no

IN BUFFER

ITEM EQUAL TO

"DR“ OR "DEBIT"

OR "D" OR

MISPELLED"DEBIT"

no

TYPE=8 yes
ITEM IS
A NUMBER,
S INCORRECT

CONVERT ITEM TO AN
INTEGER PUT **ITEM**
- IN BUFFER

PRINT OUT FORMAT

DR.CR=ITEM

4

D.C.CK=0

RETURN

ITEM EQUAL TO

“CR" OR "CREDIT" yes

OR "C" OR

MISPELLED "CREDIT"

no

PUT **ITEM**
IN BUFFER °

DR .CR=1TEM;
D.C.CK=1

RETURN

[

ERROR MESSAGE,
WEMT

N

h FMT . ER=FMT .ER+1

UM (ERROR) =NUM (ERROR) +1

- RETURN
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Procedure: FILE
Location: FILE ALGOL

Calling_Seguence: FILE (NAME1,ENT)

vhere
NAME1 Is a pointer to the student's first name.
ENT Is a pointer to the current question.

Function: ’

This procedure opens the files TUTORS STATUS

CLOSES STATUS which are used to maintain student

statistics. TUTORS STATUS, currently used only

record the student®s name, will be used to monitor the.

last question answered if a student does npot compléte

the program at one sitting; this will make it possible

for the student to re-enter the program where he

off.

CLOSES STATUS is a complete monitor of the

tutorial session. It records the date, time, and name-

of the student. In addition, it records every student

~
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response as well as an error code indicating the errors

found in answers to questionps.

Called_Procedures:

AsC.C. lAIHSLB ALGOL
ASCDAT n L
ASCLOS " "
ASCOPH n "
ASCOUT " "
ASCSAV n n
ASCT IN " "
ASCWRPF . " "
CPY.LN CEY.LN ALGCL
NEWLIN - AIMSLB ALGOL

RD SETBUF ALGOL
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Figure 31

Flow Chart for FILE

< BEGIN )

OPEN TUTORS STATUS

A

REQUEST AND RECORD
STUDENT'S NAME
(FIRST, THEN LAST)

l

'CLOSE TUTORS STATUS
OPEN CLOSES STATUS

RECORD NAME, DATE, .
_TIME ON CLOSES STATUS

< RETURN ’
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Procedure: . FLOCHT

Location: FLOCHT ALGOL

Calling Seguence: R FLOCHT
R DISPIC FLOCHT

FLOCHT draws the expenditure—-asset-expense cycle
picture. It also writes the picture on disk so that it

may be quickly and easily accessed.

Called Procedures:

COMBINE "
CPYOBJ "
CEFOBJ "
DISKOB o
DISKPIC "
DOTT ED "
ENDOBJ "
ERAS ER "
IRVIS = n
LIN "
PLOT ‘ "
SETPT "
TEXT . "
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Figure 32

Flow Chart for FLOCHT

< BEGIN >

DEFINE STANDARD
OBJECTS : BOX,
DOTTED ,BOX, RARROW,
LARROW, UARROW,

"DARROW

DRAW FLOWCHART
IN DISPLAY
FILE

COPY DISPLAY
FILE ONTO DISK
AS AN ARDPIC




This procedure executes, the CISS

which causes the introduction contained in FWD

to be
justified.

1

Called_Ppocedures:
v

output

PAGE 139

FW D

FWD ALGOL

command XECOM

RUNOFF

in a report form vwith both margins
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Figure = 33

Flow Chart for FWD

( BEGIN- )

EXECUTE CTSS
COMMAND TO
PRINT FWD

(P FWD RUNOFF)

\L—

‘ RETURN ,
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- Procedure: ' HELP

Location: HELP ALGOL
Calling_Sequence:  HELP (ACT.PTR,ENT)

where
ACT. PTR Is a pointer to the 1list of answer beads
=uhich have not been given as responses to the

current question.

ENT Is a pointer to the current question.

Function:

VHBLP prints out one of the remaining accouhts in
the answer, i.e. an ?cécunt which the 5tu¢ent has not
yet given as pait of an ansver. HELP does not mbve the
account from ACT.PTR to RT.PTR, Eﬁt rafher reguires
that t%etstudent type in the»eqtry, which, ifv correct,

causes the account to be moved to RT.PTR.

Called Procedures:
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Name

ASC.C.
ASCINT
ASCOUT
ASCWRP

I

ation

AIMSLB ALGOL
"

"
" "
" n



Flow Chart for HELP

PAGE143
Figure 34

BEGIN

<ifONG(ACT.PTR)

yes

yes

y

no

LONG (ACT.PTR) > 1 j:>>

PRINT OUT
THE FIRST
OF THE
REMAINING
AGCOUNTS

T

END

RECORD QUESTION
NUMBER AND
"HELP" IN FILE

RETURN

no

ONE DEBIT
OR CREDIT
REMAINING
TO BE MADE

PRINT OUT
THE REMAINING
ACCOUNT

A

RECORD QUESTION
NUMBER AND
"HELP" IN FILE

N

RETURN
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rocedure: : 'LINCHT
Locations LINCNT ALGOL

Calling Sequemce: LINCNT (NEED)

where
NEED Is an integer specifying the number of lines

that are needed.

?isor tc obtain

the number of lines uhich have been displayed thus far.

This ppoocedure calls the CTSS super

If the ndibgr,of lines remaining, (i.e; fifty wminus the
nuhbet of lines displayed), is 1less ;han /NBEB, (the
number ofilines needed), the student is told to hit new
line to.erasevthe screen. When he hit$ new line, ‘the
screen is_enased, and the top third, the T-accounts, is

redrawvwn.

Called_Procedures:



PAGE 145

Name

DISPLAY
ERASER
GETP
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Figure 35

Flow Chart for LINCNT

BEGIN

GET THE NUMBER
OF LINES DISPLAYED

IS 50
MINUS THAT NUMBER
LESS THAN

NEED ?

l . RETURN

PRINT "TO ERASE
HIT NEW LINE"

L

WAIT FOR STUDENT
TO STRIKE NEW LINE

|

ERASE SCREEN

l

‘REDISPLAY T-ACCOUNTS
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BISPEL

MISPEL ALGOL

calling Sequence:  MISPEL (STRNG1,STRNG2,H)

STRNG1

STRNG2

Fungtion:

where
Is a pointer to the string of characters

typed in by the student.

Is a pointer to the correct answer, alsc a

string of characters.

Is an integer specifying the minimur 1length

of substring STRNG1 ‘which must match a

substring of STRNG2 in order for an

acceptable match, i.e. if ¥=4, a substring of

length 4 of STRNG1 must match a substring of

STRNG2 of equal length to have an acceptable
. I _

matche.
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MISPEL attempts tc match the chéractet. string
pointed to by STRNG1 with the string pointed to by
STRNG2. It uses two rules to determine if STREG1
matches STREG2. Initially, the first two and last
characters of the strings are checked to ‘see ~if they

match. . If they do, MISPEL returns TRUE; if they do

‘not, MISPEL then checks to see if a substring of STRKG1

matches a substring of STRNG2 of equal length. It

‘returns TRUE if such a match exists, and FALSE

Calle

othervise.

s i e, et o O

Nape Lccation
SPRAYY AIMSLB ALGOL
P R BT ”" "

FREZ . SR



Fi
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gure

36

Flow Chart for MISPEL

’ START

SET UP BUFFERS
BUFF1l, BUFF2 OF
LENGTH NCHAR1,NCHAR2

SPRAY STRNG1l, STRNG2
INTO BUFFl, BUFF2 .

CHECK IF FIRST 2 &
LAST CHARACTERS MATCH

o

no
A

NCHARL 2 N
or
NCHAR2 2Z N,

yes

LIMIT]1 = NCHAR1+1l-N

LIMIT2 = NCHAR2+1-N
| N=0,L=0
NCHARL = NCHAR2 = 0

(See page 150)

TRUE

s——%{MISPEL

<::RETURN

FALSE




From page 149

es

PAGE 150
Figure 36 continued

CHECK IF NCHAR1

CIIAR. OF STRNG1

MATCHES L CHAR.
OF STRNG2

L < LIMIT2

no
W

L=20
NCHAR1=NCHAR1+1l

BO _(’NcHARL 2 LIMITL )

N

CHECK FOR
MATCH AT
NCHAR1+M
AND L + M

yes

M=M4+ 1

MISPEL = FALSE

- RETURN

es—%4MISPEL=TRUE

‘ RETURN »

0
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Figure 37

DETAIL ON CHARACTER STRINGS AND SPRAYY
|

FOINTER :
NUMBER OF CHARACTERS

J:S/;XTENSIONS

6 15 0

"STRNG1—* T H I S

G s 1

After STRNGl is sprayed into BUFFl it looks like

BUFFl— ) T |

L NCHAR1=15words

N\
Z""\'H
- N

o
1

Later NCHAR1 is used as a pointer to the current
character for STRNG1 -

Symbollically, )
BUFF1 ——>THISWISUWSTRNG 1
HCHAR1

(The NCHARlth character of STRNGl is S)
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rocedure: MLTRST

Locasion: MLTPST ALGOL

Calling Sequence:  MLTPST (ENT)

where

P

ENT - Is a pointer to the current question.

\

Function:

Procedure MLTPST posts the answer to the various

T-accounts involved. It makes éalls on POST to do - the

actual posting. h
. {

Called Procedures:
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Figure 38

Flow Chart for MLTPST

BEGIN

yes

POST AMOUNT
TO ACCOUNT SPECIFIED
IN ANSWER BEAD

1

S THERE ANOTHER
ANSWER BEAD ?
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dure: L ~ OPWORD

Locations ‘ D.C.CK ALGOL

I

alliing Seguence: CPWORD ()

OPHORb sets up .C. pointers to ‘the character

string representations of D,DR,DEBIT,C,CR, and CREDIT.

These pointers are used with the procedure AEQL in
proceddré'D.C.Cxlto determine if the ifem typed by the
student is ‘a defit or a credit. o

Because of ABD limitations OPWOFD must reside in.
the same file as D.C.CK, i.e. D.C.CK ALGOL, in order "

for the pointers to be known in precced ure D.C.CK.

Callgd_ Procedures:

Nage - Lecation
ASC.C. . AINSLB ALGOL

ASCSAV n "
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Figure 39

Flow Chart for OPWORD

BEGIN

SET UP .C. POINTERS
FOR D, DR, DEBIT,
C, CR, AND CREDIT
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'rocedure: PIC1

ocayion: PIC1 ALGOL

equence: PIC1(A)

where
A Is an array wvhose elements are pointers to

. the various T-accounts.

' This.ptocedure plots the T~accounts in the display
file. PIC1 first defines two'stanéatd T-accounts, the
long form (i.e. Cash), and the short form (i.e. Wages).
"It then set# the beam to the appropiiate position on
the screen ﬁét the account; and then plois one of the
two standard T-accounts; PIC1? also piots Ithe naﬁq of -
the account. |

This pnoéedute also initializes PTR and VALB of
each account bead (see tﬁé descripticn of the account
‘bead structure.). It sets PTR to the display file

pointer for the account, and VALB equal to the .C.

string spelling of the account name.:



cedureg:
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Name

ADDOBJ
DEFOBJ
ENDOBJ"
. INVIS™
LIN '
PLOT
SETPT
TEXT
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Figure 40

Flow Chart for PICl

"( BEGIN )

CREATE
.STANDARD
T-ACCOUNT

L

CREATE STANDARD
CASH ACCOUNT

(ALSO IS PROFIT
& LOSS ACCOUNT)

A

SET BEAM TO CORRECT
POSITION, PLOT THE
ACCOUNT & ACCOUNT
NAME. INITIALIZE PTR
& VALB. DO FOR
EACH ACCT.

( ReETURN )
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Procedure: POST
Locagion: POST ALGOL
Calling Sequence: - POST(ACCT,D.C,ANT1)

where
ACCT Is a pointer to an account.
- D.C Is an integer. Acceptable values are: -

0 indicates a debit entry. .

1 indicates a.Cte&it entry.

3 indicates .that the account is to be
underlined and the balance brought
fQ:ua:d.

4 indicates fhat ihe account is to be
underlined (tiicé).

AMT Is the amount to be debited or credited.

FOST is the procedure that handles all entries to
the T-accounts. It makes all debit and credit entries,

and also underscores the accounts when required.
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If D.C is either 0 or 1, the prccedure posts'_thev
amount specified by.ApTl to the acccunt spedified by
ACCT. The entry is flagged with an arrow to nmake it
easy for the studeht to spot the new entry. ' |

If D.C is either 3 or 4, POST underlines the

- account specified. - If C.C is 3, POST enters a single
underline and'posts the balénce chruard- by calling
itself (POST is a recursive procedure) to do. the
possing. For D.C"equal to 4 POST underlines the
account specified twice.

Thisvpnocess of making entries tolihe accounts and
underlining them is facilitated by the maintenance of
certain “vital statisticsﬁ for each éccount; €.ga x;v
coo:dinétes, etc.  (see Bead Desctiption 'O Pa xxx).'
When POST is called ‘to enter an amount, it merelj’
accesses ’ the necesSary _statistics from the bead
main;ained for ACCT. It makes the>eﬁtry on the screen,

updates the statistics which have changed, and returns.
Called Procedureg:

Na me Leccatjon

ASC.C. - AIMSLB ALGCL
ASCARD n on

ASCINT : " n
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ASCSAY n n
DISPLAYX ARDS

FREZ AIMSLB ALGOL
INVIS ARDS '
_PLOT n

RNV : "

SETPT "
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Figure 41

Flow Chart for POST

RETURN

yes

A

(See page
- 165)

' no

(see page 164) . @

(See page 143)
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Figure 41 continued

AN

FROM PAGE 162

/

yes

no
[DIST EQUALS L
LARGER OF ;
- T
eERe POST (ACCT, 1, BAL (ACCT) )
PLOT 2 LINES fgigfiggg;?'
AT Y (ACCT)-DIST
L
DIST EQUALS
LARGER OF
LD, LC
\ ' -
|

DRAW 1 LINE
AT Y(ACCT)-DIST

{POST BAL |




P PAGE 164
Figure 41 continued

FROM PAGE 162

VAL = AMT1

FREE 1 WORD
OF STORAGE
SET PC AS PTR

|

. . POSITION BEAM ‘
AT X(ACCT)+75, Y(ACCT)-LC

|

PUT AMT1 IN BUFFER
, | CREATE A .C. POINTER

i

OUTPUT AMT1 AT
SPECIFIED POSITION

UPDATE BAL, LC

RETURN
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Figure 41 continued

FROM PAGE 162

N :
[vaL = amTl |

.FREE 1 WORD
OF STORAGE :
SET .PD AS PT

1

POSITION BEAM
AT X(ACCT), Y(ACCT)-LD

|

PUT AMT1 IN BUFFER
CREATE .C. POINTER

OUTPUT AMT1 AT
SPECIFIED POSITION

OUTPUT ARROW
BESIDE AMT1

UPDATE BAL, LD

" RETURN
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. Procedure: ‘ ~ POST.1
Locagsion: : POST. 1 ALGOL

Calling Sequence:  POST.(A,QPTIR)
where

A Is an array vhose elements are pointers to

the various T-accounts.

CPTR Is an array vhose elements are pointers to

the various questions.

This procedure sets up the gquestion and answer

beads for the posting entries section of problem 1.

Called Proceduresg:

Nagme Legation

FREBZ AINSLB ALGOL
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Figure 42

Flow Chart for POST.l

BEGIN

SET UP QUESTION AND .

ANSWER BEADS FOR
POSTING ENTRIES

SECTION OF PROBLEM 1.

END
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Procedure: - PROB 1
Locagion: 'PROB1 ALGOL

Calling Sequence: PROB1(A, GPTR,N)

"where
A Is an.array whose elements are pointers to

the various T-accounts.

QPTR _' Is an array whose elements are  pointers to

the various questions.

N - 1s an integer whose value may be 1 or 2. If
N egquals 1, PROB1 initializes problem 1. If
N equals 2, PROB1 posts the starting balances:

"to the T-accounts.

-4

e

{e]
-

Rung
This_prqéedure is the main subroutine for prdblén‘

1. It initiaiizes variables and calls the necessary
subtoutineé to sei up problem 1. It is called ﬁuice >

from CLOSE. On the first call, PROB1 initializes X,Y .
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"coordinates for the T-accounts and sets up the question
and ansvwer beads and returns. The seccnd time 2R031'is
called it posts initial balances to the T-accounts and

returns.

gallgd‘Pgoceduregf

Nagme Lecation

ADJ. 1 ACJ.1 ALGOL
. | CLO.1  ClG.1 ALGOL
v PICY PIC1 ALGOL
A POST POST ALGOL

POST.1 PCST.1 ALGOL
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Figure 43

Flow Chart for PROBl

BEGIN

POST INITIAL
ENTRIES : IN
~ T-ACCOUNTS

INITIALIZE X,Y
COORDINATES FOR
T-ACCOUNTS '

' 2

P1Cl(A)

b

1 POST.1(A,QPTR)

v

X

ADJ.1(A,QPTR)

) l’;,

CLO.1 (A,QPTR)

RETURN "
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Procgdure: , _BD‘
Locagions SETIBUF ALGOL

gg;;ﬁgg_ggguenqe: RD (TYPE, STR,ENT)
, % ,
| iuhere
TYPB Is an integer indigatihg the type of the
' .item, i.e. TYPE=8 indicates that the iteg. is

an integer (see AINSLB documentation,. §30>,

for list of iten types) .

STR ;Is a pointer to the iten.
ENT ‘ Is a pointer to the current gquestion.
Functions

Thelﬁtocedute RD reads in theniext item from the
consdle..ignéring spaces. 1In additicn, it checks fo;
 certain cont;ol words before returnihg the itenm. | Ii
checks for WSTOP®, "DISPLAY", WQUESTION®, and "en. If
RD finds one of these ccntrol uordg, it handles ‘tyé

request and then seeks and returns a new item.



called Procedureg:

PAGE 172

Nape
AEQL
ASC.C.
ASCIN?T
ASCOUTR
ASCWRP
CPY.LN
DISPLAY
ISARGV
NEWLIN

NXTITN

STOP

Lcgation

AEQL ALGOL
AINSLB ALGOL
] ;]

L] ”
" ”n

CPY.LN ALGOL
ABDS
AED

-AINSLB ALGOL
]

STOP ALGOL
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Figure 53

Flow Chart for RD . -

B E I )

Lty T

P
RS

o
L

IS THERE AN \\

yes

OPTIONAL FOURTH
ARGUMENT OF 1

1.

PRINT “"READY"
READ NEXT
ITEM (STR IS

| READ NEXT

"ITEM (STR IS

A POINTER TO
~IT)

M

ON FIL

i "

PRINT "THANK YO
MESSAGE

u

: - kes J
A POINTER TO ,[__<ff >
IT) IS STR AVSP§C@>
\ IS _STR A SPA?E)'
) no
‘true —Y — '
— AEQL(STR,ASTERISK,TEXTi>
COPY INPUT LINE false

DISPLAY.TEXT) )

—true AEQL(STR,
I———

QUESTION

RETURN

REDRAW T-ACCOUNT false

PICTURE
COPY INPUT LINE 7

ON FILE ‘ \'2 _

! I—-—Efﬁa—<;§QL (STR, QUES%ION.TEX?D

copY INPUT LINE|. false

ON FILE {(RAEQL (STR, STOP . TEXT)
PRINT CURRENT | False ‘

) “true ,

STOP (ITEM)

1
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Procgdure: - REPLIN

Locagyion: | REPORT ALGOL o
Calling Seguenég: v ,

REPLIN(ACCT1,TAB10,TAB11,ACCT2,TAB20,TAB21) -

.ihere -
ACCT1 Is the first account on the ;gﬁoit lipe and,
for the current report generator, is always a

" balance sheet account.

\

TAB10 Is the character positiom where ACCT1 is
printed.
TAB11 Is the character positibn vhere .thg balance

,of ACCT1 is printed.

-

ACCT2 ° Is the second account “on the report 1line;
" currently, ACCT2 is always an income or an
expénse account. -
[

TAB20  Is the character position where the name .of

ACCT2 is printed.
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TAB21 Is the character position where the balance .

of ACCT2 is printed.

Puncgion:

Procedure REPLIN prints one line of the financial
repo:ts;7*The accounts and positions at which to _ptint
the accounts and awmounts are specified by arguﬁen?
values. Nonnal;y, two accounts are printed per line;
however, it is glso passible to print only one-account;
either ACCTt or ACCT2, per liné. To print only @ne
account Qh a liqé, the account pbéitiop by passed shpdld

be zero, i.e. ACCT1=0 will print only ACCT2.

Called Procedures:

Name logation

ASC.C. AIBNSLB ALGOL
ASCINT Coow LI
ASCOUT .- n-
ASCTAB . "

ISARGY  AED
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Figure 45

Flow. Chart for REPLIN

BEGIN

PRINT ACCT1
AND ITS
BALANCE .

K

> .
<: ACCT2 = 0 :>E4“*Lf;

no

PRINT ACCT2
AND ITS
BALANCE

F

18 OPTIONALA\\ 3

ARGUMENT S yes l
EQUAL TO 0 //r .AL

OUTPUT

no LINE
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Procedure: REPORT

Locagion: REPORT ALGOL

-

Calling Segquence: REPORT (A, I)

- where

A " :Is an array vhose elements are pointers to

the various T-accounts.

r _'Is an integer indicating whether injitial

reports

: reports (I=1) or final

‘drawn up.

Pupcgions

A

procédure REPORT generates an income statement and

a halancefsheetgb If I equals 1, REPORT does not qlte:"

the T-acq%uqts,_and gives an initial incose statement

and balance sheet. Otherwise, REPORT brings balances

forvard and makes underlining entries before ptiﬁting

the financial reports.
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Called Procedures:

Name Logation

ASC.C.  AINSLB ALGOL
ASCIN? " "
ASCOUT " "
ASCTAB " n
DISPLAY  ARDS

ERASER "

POST POST ALGOL

REPLIN REPORT ALGOL
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Figure 46.

Flow Chart for_REPORT

yes

REDRAW
T~ACCOUNTS

|

MAKE UNDERLINING
ENTRIES, CALLING
POST

4

PRINT OUT
BALANCE SHEET
AND INCOME
STATEMENT

USING REPLIN
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ocedure: : SEIBUF

1

ion: SETBUF ALGOL

Calling Sggughc': SETBUF ()

Fupcgion:

=

The procédute SETBUP establishes a buffer for
console input. All characters iyped ip on thé cégsdle
are read inbo this buffer. SBIBUF also sets up .C..
pointers to the character string teéteseqtatibns of
nSTOP™, FﬁISPLlY“;‘!QUBSTIOH", and nan,

»Beéanse of ABD limitations, SETBUF must resiae‘ in
the same file as procedure RD, which uiil.use the}’,t.
pointers. %The .C. pointers are established in SETBUF

rather than BRD, where tliey are used, 5ecausq SBTBU? is

called once, while RD is called many times.

Called_Procedures:

Hame .. Legation.
ASC.C. . . AINSLB ALGOL
ASCEK U o

ASCHAR . » "
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ASCONS
ASCSAY
FLXPN?
GENRB

OPNFIL

23 =23

2 2 =22 2

N
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Figure 47

Flow Chart for SETBUF

( BEGIN )

SET UP INPUT
BUFFER INBUF1l

.

SET UP .C. POINTERS
TO THE CHARACTER
STRING REPRESENTATION
OF "STOP", "DISPLAY",
"QUESTION", AND "#*"
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Procedure: SETUF

Locagions _ SETUP ALGOL

Calling Sequence:  .INSERT ALGOL

Functions

SETUP is not really a procedure, but rather an
insert file. It contains the variabile and component
declarations that are used throughout CLOSE. = It is

inserted at the beginning of evwery najot-procedure._

’

Called Procedureg: No procedures called.
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Procedure: o SKIP
Locasion: SKIP ALGOL

Calling Seguence: SKIP(ENT)

vhere

ENT Is a pointer to the current gquestion.

SKIP,allous the student “to skip to the next
question oi to the nexp'section.' SKIP, +when called;
prints idut the three types of skipping that ére
availéble.; They‘are: a) Print gquestions and answvers
uhile skipping to the next seqhion, k) Just skip to.;hq
next sectioﬁ, and c) Skip to the néxt question. In
addition.,SKIP may be given anjoptional atgumeht' of 1
vhich suppresses printing ofa thé : 6ptions “and

automatically skips to the next question.

called Procedurea:
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Nape

ASC.C. .

ASCIN?T
ASCOUZ

ASCWRP

CHOQOSE

CPY. LN

CVIOIN
ERET
FREZ
LIBCH?

MLTPST

. HEWLIN
RD

Lecation

AINSLB
n

"

n
CHOOSE
CPY.LE
AIESLB

] .

LINCNT

MLTRST

AINMSLB

SBTBUF

ALGOL
]

ALGOL

,ALGOL -

ALGOL
"

ALGOL
ALGOL
ALGOL
ALGOL
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Figure 48

Flow Chart for SKIP

FREE STORAGE
FOR TEXT OF
SKIPPING OPTION

L

BUFFER

ADD QUESTION NUMBER
AND "SKIP" TO

I
Yes":: ARGUMENT OF 1

i)

S THERE AN OPTIONAL

PUT "1" IN BUFFER
WRITE BUFFER
ON FILE

no

WRITE BUFFER
ON FILE

L

SKIP

I
o B

ORIGIN=CURRENT
QUESTION NUMBER,
FINISH=ORIGIN+9000

(See page 187)

>
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Figur

FROM PAGE 186

e 48 continued

< ORIGIN-3000

4:>39 —ﬂsxlpél

lg IN CLOSE
SECTION
LINCNT (5)
,Jk \(CHOOSE (K) =3 _
Q.A=TRUE(1<::CHOOSE(K)=? SKIP=1
s
L 2
Q.A=FALSE
QUESTION NUMBER Y . W
LESS THAN FINISH/ 7O RETURN OPTION
. — 1J TEXT STORAGE
yes — .
0.A TRUE ——— \ . RETURN
| ] |
PRINT QUESTION
AND ANSWER
N
. MLTPST(ENT)FF——-————J
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Procgdure: " STOP
Locagion: STOP ALGOL

Calling Seguence: STOP (ITEN)

where
ITEM - Is a pointer to a string containing the
characters END or ST0P depending on vwhere

STOP was called.
unctions

STOP is used to terminate fhe program. . It add;_to
the éutpnf file, CLOSES STATUS, thelwofd' STOP or -END
depending onm whether the prograz ended notially or was
stopped before it emded. It also adds the current time
to fbe file:as weli as two lines of a#terisks " to
imptove;Iégisility, and then closes the file. In
addition, STOP resets the screen pdtaneters to their

normal settings. STOP then returans control to CISS.

Called Ptocedgrés:
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Nagme Lccation

ASC.C.  AINSLB ALGOL
ASCLOS n "
ASCTIHN " n
ASCHRF " "

SETPRN ABDS
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Figure 49

Flow Chart for STOP

BEGIN

WRITE ITEM
ON THE OUTPUT
FILE

¥

RITE THE CURRENT
IME ON THE OQUTPUT
FILE

WRITE 2 LINES
OF ASTERISKS

JON THE OUTPUT
FILE

'

CLOSE THE OUTPUT
FILE -

v

RESET THE SCREEN
PARAMETERS

A

RETURN CONTROL
TO CTSS

'
C = )
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Procedurge: .  TITLE

Locagions TITLE ALGOL

ga;;ggg Seguence: TITLE()

Funcgions

This:pvoéedure erases the screen,: outéuté "éLOAi
SCHOOL OF MANAGEMBNT®, "Accounting Etogtai - Vetgiqn
SSM3 6f729‘uay 1970, the current date, and ®CLOCK
TI!!'B‘= the_cur:ept-tihé". | |

It also outputs an appropriate 'greqtihQ:; GOOD .

" HORBING (00Q0-1200 hours), GOOD AFTERNOON (1200-1700),
and GOOD EVENING (1700-2400). f -

TITLﬁ,then waits for the student to hit nev iiﬁe,'
siqqifyihg'ﬁhat'he is teady to contihug; and erases the

screen when he has done so.

called Procedures:
Hage Logatiop
ASCTAB: . AINSLB ALGOL
ASC.C.. AINSLB ALGOL
] "

ASCDAT "
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ASCOUT
ASCTAB
ASCT IN
ERASER

GOODAY

RDPLX

" "

" on

" "
ABDS :

AINSLB ALGOL
CTSS
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Figure 50

Flow Chart for TITLE

< BEGIN ’

ERASE SCREEN

W
OUTPUT HEADING

I

OUTPUT GREETING

il

WAIT FOR "NEW LINE"

J

ERASE SCREEN|

RETURN
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Procedure: WFNT

Locations WPAT ALGOL
Calling_Sequence:  WPNT()
Funcbion:

BPBT?is called from D.C.CK to priht out a format

error message.

Ca;lgd«?;océdﬁ;eg;

Nape Logation
ASC.C. AINSLB ALGOL

ASCOUT " "
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Figure 51

Flow Chart for WFMT

BEGIN

PRINT OUT
FFORMAT ERROR
MESSAGE
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Procadure: WORDS
Locasion: CHECK ALGOL
Cailing_ggggggggs HORDS ()
Punction:

WORDS sets up .C. pointers to the character string
representations of "SKIPE"™ and “HELP". These fpointers
are used with the procedure AEQL 1in procedure CHECK to
deterhine if the item typed by the studént is WHELP" or
nSKIP". |

Because of AED limitations, WORLS must reside in
CHBCK ALGCL in crder for the pointers to ke known in

procédute CHECK.

Callgd Procedures:

Name - Lgcation

ASCs Co AIMSLB ALGOL
ASCSAY : " n
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Figure 52

Flow Chart for WORDS

< BEGIN ’

SET UP .C. POINTERS
TO THE CHARACTER
STRING REPRESENTATION
OF "HELP" AND "SKIP"

RETURN
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The CLOSE_Project

CLOSE is an interactive program written in AED designed
to help you learn basic accounting techniques.
Specifically, CLOSE is designed to help you learn the

following three aspects cf accountiag:
1) the process of posting entries to a ledger,

2). making adjustments to the ledger accounts at

the end of a rperiod, and
3) closing out the ledger acccunts.

CLOSE employs ' the technigue §f fresenting - several
example_transaﬁtions and theh asking you to giﬁe the answers
to several similar transactions. The program assumes that
you will abide by certain conventions; these conventions are

listed below:

N Qhen “READY" appears on the screen, it means
~that the program is waiting fcr you. Hhen you
are ready to «continue, and have *typed a
response, if cne uas expected, you should hit

finew line®,
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2) Example transactions are denoted by the
prefix "EXAMPLE". You are not expected to
anser these, but you should ﬁake sure thét
ydu answer each one before ydu continue with

the progran.

3)‘ fransactiﬁns vhich expect you to respcnd are
” prefixed by "QUESTICH®. The format of a
response is similar to that of a Jjournal
entry, i.e., an account and the amount to be
debited is specified, follcwed by the account
and the amount toc be credited. Specifically,
you respond to a question by typing "dr"
followed by the account to be debited,
followed by the amount (in thousands ofl
dollars); on the same 1line yép then type’
wer® followed by the account and the amount

to be credited. Then hit "new line®.

figure 53 shows the T-accounts used in CLOSE as well as
an initial balance sheet and income statement. ' ©¥Note that
the accounts are laid out in an orderly manner. In gener,
the schene is_first asset accounts, then liability accounts,

and finally, income and expense accounts.
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Figure 53
BAIANCE SHEET ACCOUNTS TEMPORARY
ACCOUNT
S T T T T T T T T T T T T s T e e T T T T~7
| CASH INVENTORY PPD INS ACCT REC ACCT PAY NOTES PAY, PROFIT IDSS'
:180 156 1 3 lloo 60 |
|

| |
l .. [}

TAX PAY INT PAY WAGES PAY RET EARN  CAPITAL !
| 20 0 20 100
|- =] - - — - — 4 - = - — — 4 — - -
I INCOME STATEMENT ACCOUNTS

COST OF ~ :

SALES GOODS SOLD WAGES  ADV EXP  INT EXP  INS EXP RENT

o i s i

These accounts are the "books" of GEM, Inc.

1

B i

GEM is engeaged in the

menufacture and sale of Adzes, an esoteric plant made from a nemp
plent and widely held to be the cure for all of man's iils.

You have been hlred as an accountant and are responsible for kKeeping

GEM'S bocks.

BALANCE SHEET

ASSETS

cash 180

inventory 156

ppd ins ' 1

acct rec 3
TOTAL ASSETS 340
EQUITIES

LIARIIITIES

acct pay 100

notes pay 60

tex pay 20

int pey 0
' wages pay 40
TOTAL LIABILITIES 220

ret earn 100

cepital : 20
TOTAL EQUITIES 120

340

INCOME STATEMENT

seles

cost of goods sold

GROSS PROFIT

OPERATING EXPENSES

wages
adv exp
int exp
ins exp
rent

oo

eNeoRoNoNe)

TOTAL OPERATING EXPENSES

NET PROFIT

0

0

I
|
l
I
!
i
|
s
I
|
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sing_the ARDS Computer Terminal

To communicate with the accounting tutor, the student
must follow some general guidelines 1in orperating the

terminal:

1) All input to the computer is sent in "bursts"
triggered by depressing the ""NEW LINE"™ key;
each and every response must te follcwed by a

"NEW LINE".

2) The computer 1is only "listening® to the
terminal when the green "proceed" 1light is
on; anything typed on the keyboard while the

®wait™ light is on will be ignored.

3) When the screen is full, a small "blob" will
'appear-at the bottom of the .screen; the
vhite "ERASE* key on the keyboard will erase
the screen and also notify the computer that
it may coﬁtinue to write. This "“ERASE" key
may be used to clear the screen at any time
-the green "proceed® 1ight is on; one does
not have to uait until the *“blob" appears.

Bowever, CLOSE momitors the number of lines
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on the screen, and it is wunlikely that the-

student will have to use the "ERASE" key.

Since typing mistakes during input are bound tc occur,

two special characters are available for error correcting:

1)

2)

'~ The commercial at (@) typed after a group of

characters will deleteyped after a group of
characters will delete all the chacters;

whatever fdllous the commercial at sign will
be interpreted as a new line, although the
characters gggg be typed on the same line.
Thus, *this part will be deletedathis part
will not'. A commercial at at always has
this deleting property; cthequently, one

must be careful not to use it for amny other

Furgose.

A number sign (#) typed after -any character
{or space) will delete that. character. This
may be done repeatedly to delete more that
one character. For example,' takcdefé*t will

be interpreted as fabcde', while ‘Yabcdefié##®

* will be interpreted as ‘albc?.
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Bach ansﬁer from the student to the tutor should not
exceed one 'line in leng;h; continuaticn 1lines are not
allowed in the present configuration. Either upper cr lower
case letters of the alphabet are acceptahle; 4Non—alphabetic
characters (other than numbers or the twoc correction

characters just mentioned) should not be used.

The CLCSE progiam is adeveloping instructicnal grogram.
In ordét. to continue  itsr improvement, we solicit your
comments. These comments may be entered at any time after
CLOSE has been started by typing an asterisk (*) followed by
yout.conment. The CLOSE program enters these lines onto a
disc file where they are saved for us to read at a 1later

time.

S

I
1

rting the Tutor

After an active line to the computer has been
established,vone should type °r close 1%, following it, as
‘always, by § "NEH LINE®, The computer will fespond wifh '
Xxxx.x'. This loads ihe program. The tutor_will start by
requesting the student®s name. Normally;. a Student will

type in his full name, then depress “NEW LINE".
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CLOSE recognizeé a number of control words which will

allow the student to interact . more effectively with the

syétem. The.commands are described below:

1) 3:

In crder to provide cbmment to the
system developers, a student may enter a
line started with an asterisk. This
line may be entered at any time and does

not change the status of the progranm.

This command allows the student to quit
the program before it has finished.
“STOE", not aﬂ interrupt, should alvays
be used to terminate the program as
CLOSE modifies the display screen
parameters and these must be reset upon

termination of the program.

In the event that the screen is
inadvertently erased and the T-accounts
lost, the "DISPLAY" ccmmand will redraw

the T-accounts.
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PAGE 206

This command will retype the current

question if it is erased.

In order to allow the student tb proceed
at his own pace, "SKIP" will allow the
student to skip over questions or
sections which he already understands.
WSKIP 1" will skip tc the next question.
"SKIP"® reqﬁests the student to indicate
whether he wants to skip to the |next

questicn or to the pext section.

Commands 1-5 may be typed whenever "READY" vappears on the

screen. There is an additional command which 1is only

recognized after a

described below:

6) HELP:

question bas been asked. This command is

The student, in going through the

program, may encounter a question which

"he cannot answver. The command Y“HELP®

will give the student help in answering
the gquestion. CLCSE will accept a
partial answer, i.e., "dr  adv exp 10
(NEW LINE)", and will give feedback as
to whether the partial anser is 'correct

or not. Further, if a response is only
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partially incorrect, the student need
only type in the corrected section of
his response. He need not retype his

entire response.

1) If your answer is incorrect, CLOSE Lrackets the

incorrect part with asterisks, i.e.
your answver: dr wrong acct 4

CLOSE's response: dr *%*wrong acct**
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